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The Addresses, Lectures, and Essays gathered to- 
gether in this volume have appeared at intervals dur- 
ing the past seven years, and I can give no better 
reason for republishing them in their present form, 
than the fact that three earlier collections of a similar 
nature have been received with favour, and, indeed, 
have not yet ceased to be in request. 

I beg leave to offer my best thanks to the Editors 
and Publishers of the various publications in which 
these pieces have appeared, for their kindly accorded 
permission to reprint them. 

London. October 1881. 
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' Six years ago, aa some of my present hearers may 
lember, I bad tlie privilege of addresBing a large 
wmblage of the inhabitants of thia city, who had 
' gathered together to do honour to the memory of their 
famons townsman, Joseph Priestley ; * and, if any satis- 
faction attaches to posthumous glory, we may hope that 
the manes of the bumt-ont philosopher were then finally 
appeased. 

No man, however, who is endowed with a fair share 
of common sense, and not more than a fair share of 
vanity, will identify either contemporary or posthumous 
famo with the highest good ; and Priestley's life leaves 
no donbt that he, at any rate, set a much higher value 
ttpon the advancement of knowledge, and the promotion 
of that freedom of thought which is at once the cause 
and the consequence of intellectual progress. 

Hence I am disposed to think that, if Priestley could 
be amongst us to-day, the occasion of our meeting would 
iCord him oven greater pleasure than the proceedings 
Irhich celebrated the centenary of his chief discovery, 
* See JoKpli Frietlley, p. 102, i')fra. 




aocial duty;^onld/ be I satisfied, hy tho spectacle of well- 
eamed wealth, nSthw equandered in tawdry luxury and 
vainglorious wu/w, nor scattered with the careless char- 
ity which blesses neither him that gives nor him that 
takes, bnt expended in the execution of a well-consiil- 
ered plan for the aid of present and future generations 
of those who are willing to help themselves. 

We shall all be of one mind thus far. But it is 
needfol to share Priestley's keen interest in physical 
science; and to have learned, as he had learned, the 
value of scientific training in fields of inquiry apparently 
far remote from physical science; in order to appre- 
ciate, as he would have appreciated, the value of the 
noble gift which Sir Josiah Mafion has bestowed upon 
the inhabitants of the Midland district. 

For us children of the nineteenth century, however, 
the establishment of a college under the conditions of 
Sir Josiah Mason's Trust, has a significance apart from 
any whi«h it could have possessed a hundred years ago. 
It appears to be an indication that we are reaching the 
crisis of the battle, or rather of the long series of bat- 
tles, which have been fought over education in a cam- 
paign which began long before Priestley's time, and will 
probably not be finished just yet. 

In the last century, the combatants were the cham- 
ions of ancient literature, on the one side, and those of 
(dem literature on the other ; but, some thirty years * 
* Tbe advootc; of the iDtroductian of ph^sioal gdeace Into general et 
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p, the contest became complicated by the appearance 
of a, third army, ranged rooud thq banaer of Physical 



I am not aware that any one haa anthority to speak 
in the name o£ this new host. For it mngt be admitted 
to be somewhat of a guerilla force, composed largely of 
irregulara, each of whom fights pretty much for his own 
hand. But the impreBsiona of a full private, who has 
seen a good deal of service in the ranks, respecting the 
present position of afEaire and the conditions of a per- 
manent peace, may not be devoid of interest ; and I do 
not know that I could make a better use of the present 
opportunity than by laying them before yon. 

From the time that the first enggestion to introduce 
ijMcal science into ordinary education was timidly whia- 
id, until now, the advocates of scientific education 
have met with opposition of two kinds. On the one 
hand, they have been pooh-poohed by the men of busi- 
ness who pride themselves on being the representatives 
of practicality ; while, on the other hand, they have been 
excommunicated by the classical scholars, in their ca- 
pacity of Levitea in charge of the ark of culture and 
monopolists of liberal education. 

The practical men beHeved that the idol whom they 
worship — rule of thumb — has been the source of the 
past prosperity, and will suflSco for the future welfare 
cation by Geo^e Comb« and othcra commenci-d a good dwl earlier; but 
the moTemeat bad iicquired hardi; U17 pracUcal force befoce the Ume to 
which I refer. 
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of the arte and manufactiiree. They were of opinion 
that science is Bgeculative rnbbish ; tliat tlicory and prac- 
tice have nothing to do with one another ; and that the 
ientiiic habit of mind is an impediment, rather than an 
the conduct of ordinary affairs. 

1 have used the past tense in speaking of the prac- 
tical men — for although they were very formidable thirty 
years ago, I am not sure that the pure species has not 
been extirpated. In fact, so far as mere argnment goes, 
they have been subjected to such a /eu Smfer that it 
is a miracle if any have escaped. But I have remarked 
that your typical practical man has an unexpected re- 
semblance to one of Milton's angek. 11 is spiritual 
wounds, such as are inflicted by logical weapons, may 
be as deep as a well and as wide as a church door, but 
beyond shedding a few drops of ichor, celestial or other- 
wise, he is no whit the worse. So, if any of tbeae ojj- 
poncnts be left, I will not waste time in vain repetition 
of the demonstrative evidence of the practical value of 
science; but knowing that a parable will sometimes 
penetrate where syllogisms fail to effect an entrance, I 
will offer a story for their consideration. 

Once upon a time, a boy, with nothing to depend 
upon but his own vigorous nature, was thrown into the 
thick of the struggle for existence in the midst of a 
great manufacturing population. He seems to have had 
ta haixl fight, inasmuch as, by the time he was thirty 
of age, his total disposable funds amounted to 
r Tvmnda. Nevertheless, middle life found him 
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pving proof of his compreliension of the practical prob- 
lems he Iiad been ronghlj called upon to solve, by a 
career of remarkable prosperity. 

Finally, having reached old age with its well-earned 
Burroundinga of "honour, troops of friends," the hero 
of my Btory bethought liimself of those who were mak- 
ing a like start in life, and how he could stretch out a 
helping hand to them. 

After long and anxious reflection this sacceBsf ul prac- 
tical man of bushiess could devise nothing better than 
to provide them with the means of obtaining "sound, 
extensive, and practical scientific knowledge," And he 
devoted a large part of his wealth and five years of 
iaceesant work to this end. 

I need not point the moral of a tale which, as the 

Bolid and spacious fabric of the Scientific College aa- 

Euree ub, is no fable, nor can anything which I could 

Bay intensify the force of this practical answer to prac- 

I tical objections. 



We may take it for granted then, that, in the opin- . 

ioa of those best qualified to judge, the diffnsion of | 

thorofigli scientific education is an absolutely essential ( 

-condition of industrial progress ; and that the College ' 

IrMch has been opened to-day will confer an inestima- 

> boon upon those whose livelihood is to be gained 

r tlie practice of the arts and manufactures of the 

Strict 

, The only qnestioa worth discussion is, whether the 
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conditions, nnder wliich the wort of the College is to 
be carried out, are ench aa to give it the best poseible 
chance of achieviDg permaneDt succese. 

Sir Josiah Maaon, without doubt most wisely, has 
left very large freedom of action to the trustees, to' 
whom he proposes ultimately to commit the administra- 
tion of the College, so that they may be able to adjust 
its arrangements in accoi-dance with the changing con- 
ditions of the future. But, with respect to three points, 
he has laid most explicit injunctions upon both admistra- 
tore and teachers. 

Party politics are forbidden to enter into the minds 
of either, so far as the work of the College is concerned ; 
theology is as sternly banished from its precincts; and 
finally, it is especially declared that the College shall 
make no provision for "mere literary instruction and 
education." 

It does not concern me at present to dwell npon the 

fiist two injunctions any longer than may be needful to 

express my full conviction of their wisdom. But the 

third prohibition brings us face to face with those other 

opponents of scientific education, who are by no means 

in the moribund condition of the practical man, but 

' alive, alert, and formidable. 

^^L It is not impossible that we shall hear this express 

^^HUlufiion of "literary instruction and education" from 

^^H.College which, nevertheless, professes ta give a high 

^^^Bd efficient education, sharply criticised. Certainly the 

^^^Kne was that the Levitcs of culture would have sounded 
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their tnmipets against its walls as against an educational 
iho. 
How often Iiave we not been told that the Btadj of 
lyaical science is incompetent to confer culture ; that 

it touches noue of the higher problems of life ; and, what 
is worse, that the continual devotion to scientific studies 
tends to generate a narrow and bigoted belief in the 
applicability of scientific methods to the search after 
truth of all kinds. How frequently one Las reason to 
observe that no reply to a tronblesome argument tells 
so well as calling its author a "mere scientific special- 
ist." And, as I am afraid it is not permissible to speak 
of this form of opposition to scientific education in the 
past tense ; may we not expect to be told that this, not 
only omission, but prohibition, of "mere literary instruc- 
tion and education" is a patent example of scientific nar- 
row-mindedness ? 

I am not acquainted with Sir Josiah Mason's reasons 
for the action which he has taken ; but if, as I appre- 
hend is the case, he refers to the ordinary classical course 
of our schools and universities by the name of " mere 
literary instruction and education," I venture to ofEer 
sundry reasons of my own in support of' that action. 

For I hold very strongly by two convictions — The 
first is, that neither the discipline nor the subject-matter 
of classical education is of such direct value to the stu- 
dent of physical science as to justify the expenditure 
of valuable time upon either ; and the second is, that 
f(w the purpose of attaining real cnltare, an exclusively ' 
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Bcientific education is at least as effectual as an exelu- 
sively literary education, 

I need Lardly point out to you that theao opinions, 
especially the later, are diametrically opposed to those 
of the great majority of educated Englishmen, influenced 
as they are by school aud univereity traditions. In their 
belief, culture is obtainable only by a liberal education ; 
and a liberal education is BynonymouS, not merely with 
education and instruction in literature, but ia one par- 
ticular form of literature, namely, that of Greek and 
Eoman antiquity. They hold that the man who has 
learned Latin and Greek, however little, is educated ; 
while he who is versed in other branches of knowledge, 
however deeply, is a more or less respectable specialist, 
not admissible into the cultured caste. The stamp of 
the educated man, the University degree, ia not for him, 

I am too well acquainted with the generous catho- 
licity of spirit, the true sympathy with scientific thought, 
which pervades the writings of our chief apostle of cul- 
ture to identify him with these opinions; and yet one 
may cull from one and another of those epistles to the 
Philistines, which so much delight all who do not an- 
swer to that name, sentences which lend them some sup- 
port. 

Mr. Arnold tells ns that the meaning of culture is 
"to know the best that has been thought and said in 
the world." It is the criticism of life contained in 
literature. That critioiera regards "Europe aa being, 
for intellectual and spiritual purposes, one great con- 
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federation, bound to a joint action and working to a 
connDon result ; and whose members have, for their com- 
mon outfit, a knowledge of Greek, Eoman, and Eastern 
antiquity, and of one another. Special, local, and tem- 
porary advantages being put out of account, that mod- 
em nation will in the intellectual and spiritual ephere 
make most progress, which most thoroughly carries out 
this programme. And what is that but saying that we 
too, all of VLB, as individuals, the more thoroughly we 
carry it out, shall make the more progress ? " * 

We have here to deal with two distinct propositions. 
The first, that a criticism of life is the essence of culture ; 
the second, that literature contains the materials which 
for the construction of such a criticism. 

I think that we must all assent to the first proposi- 
For culture certainly means something quite dif- 
'ferent from learning or technical skill. It imphes the 
possession of an ideal, and the habit of critically estij 
mating the value of things by comparison with a theoi 
standard. Perfect culture should supply a completef 
of life, based upon a clear knowledge alike of itsl 
iBeihilities and of its limitations. 

But we may agree to all this, and yet strongly dissent 
from the assumption that literature alone is competent 
to supply this knowledge. After having learnt ail that 
Greek, Koman, and Eastern antiquity have thought and 
said, and all that modem literatures have to tell ua, it 
IB not self-evident that we have laid a eufSciently broad 

• Msa^ in Criikiim, p. 87. 
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and deep fonndation for that criticism of life wliieli 
constitutes culture. 

Indeed, to any one acquainted with the scope of 
physical science, it is not at all evident. OonBidering 
progress only in the "intellectual and spiritual epliere," 
I find myself wholly unable to admit that either nations 
or individuals will really advance, if their common out- 
fit draws nothing from the stores of physical science. I 
should say that an army, without weapons of precision, 
and with no particular base of operations, might more 
hopefully enter upon a campaign on the Khine, than a 
man, devoid of a knowledge of what physical science has 
done in the last century, upon a criticism of life. 

When s biologist meets with an anomaly, he in- 
stinctively turns to the study of development to clear 
it up. The rationale of contradictory opinions may 
with equal confidence be sought in history. 

It is, happily, no new thing that Englishmen should 
employ their wealth in building and endowing institu- 
tions for educational purposes. But, five or six hundred 
years ago, deeds of foundation expressed or implied con- 
ditions as nearly as possible contrary to those which have 
been thought expedient by Sir Josiah Mason. That is 
to eay, physical science was practically ignored, while a 
certain literary training was enjoined as a means to the 
aoqnirement of knowledge which was essentially theo- 
logical. 

-ine reason of this singnlar contradiction between the 
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actions of men alike animated by a Btrong and disin- 
tereBted desire to promote the welfare of their fellowB, 
is easily diecoyered. 

At ttat time, in fact, if any one desired knowledge 
beyond such aa could be obtained by bis own observa- 
tion, or by coomion conversation, his first necessity was \ 
to learn the I^tin language, inasmuch as all the higher 
knowledge of the western world was contained in works 
written in that language. Hence, Latin grammar, with 
logic and rhetoric, studied through Latin, were the fun- 
damentals of education. With respect to the substance 
of the knowledge imparted through this channel, the 
Jewish and Christian Scriptures, as interpreted and sup- 
plemented by the Romish Church, were held to contain 
a complete and infallibly true body of information. 

Theological dicta were, to the thinkers of those days, 
that which the axioms and definitions of Euclid are to 
the geometers of these. The business of the philosophers 
of the middle ages was to deduce from the data furnished 
by the theolo^ans, eonclusiouB in accordance with ecele- 
siastical decrees. They were allowed the high privilege 
of showing, by logical process, how and why that which 
the Chnrch said was true, must be true. And if their 
demonstrations fell short of or exceeded this limit, the 
Church was maternally ready to check their aberrations, 
if need be, by the help of the secular arm. 

Between the two, our ancestors were furnished with 
a compact and complete criticism of life. They were 
told how the world began, and how it would end ; they 
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learned ttat all material existence waB but a base and in- 
Bignificant blot upon tbe fair face of the spiritual worid, 
and that nature was, to all intents and purposes, the play- 
ground of the devil ; they learned that the earth is the 
centre of the visible universe, and that man is the eyno- 
Bnre of things terrestrial; and more especially is it in- 
culcated that the coarse of nature bad no fixed order, 
but that it could be, and constantly -was, altered by the 
agency of innumerable spiritual beings, good and bad, 
Bccording as they were moved by the deeds and prayers 
of men. The sum and substance of the whole doctrine 
was to produce the conviction that the only thing really 
worth knowing in this world was how to secure that 
place in a better which, under certain conditions, the 
Church promised. 

Our ancestors had a living belief in thia theory of 
life, and acted upon it in their dealings with education, 
as in all other matters. Culture meant saintliness — after 
the fashion of the saints of those days; the education 
that led to it was, of necessity, theological ; and the way 
to theology lay through Latin. 

That the study of nature — further than was requisite 
for the satisfaction of evei^day wants — should have any 
hearing on human life was far from the thoughts of men 
iU8 trained. Indeed, as nature had been cursed for 
's sake, it was an obvious conclusion that those who 
jneddled with nature were likely to come into pretty 
close contact with Satan. And, if any bom scientific in- 
vestigator followed his instincts, he might sai 
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in eanuDg the reputation, and probably npon suffering 
tbe fate, of a sorcerer. 

Had the western world been left to itself in Chineee 
isolation, there is no saying how long this etate of things 
might have endured. But, happily, it was not left to 
itself. Even earlier than the thirteentlj century, the de- 
velopment of Moorish civilisation in Spain and the great 
movement of the Crusades had introduced the leaven 
which, from that day to this, has never ceased to work. 
At first, through the intermediation of Arabic transla- 
tions, afterwards, by the study of the originals, the west- 
em nations of Europe became acquainted with the writ- 
ings of the ancient philosophers aud poets, and, in time, 
with tho whole of the vast literature of antiquity. 

"Wliatever there was of high intellectual aspiration or 
tminant capacity in Italy, France, Germany, and Eng- 
land, spent itself for centuries in taking possession of 
the rich inheritance left by the dead civilisations of 
Greece and Rome. Marvellously aided by the invention 
of printing, classical learning spread and flourished. 
Those who possessed it prided themselves on having at^ 
tained the highest culture then within the reach of man- 
kmd. 

And justly. For, saving Dante on his solitary pin- 
nacle, there was no figure in modem literature at the 
time of the Kenascence to compare with the men of anti- 
quity ; there was no art to compete with their sculpture ; 
there was no physical science but that which Greece had 
abated. Above all, there was no other example of per- 



feet intellectual freedom — of the TmheBitating acceptance 
of reason aa tlie sole guide to truth and the supreme 
arbiter of conduct. 

The new learning necessarily soon exerted a profound 
influence upon education. The language of the monks 
and schoolmen seemed little better than gibberish to 
scholars fresh from Virgil and Cicero, and the study of 
Latin was placed upon a new foundation. Moreover, 
Latin itself ceased to afford the sole key to knowledge. 
The student who sought the highest thought of anti- 
quity, found only a second-hand reflection of it in Ro- 
man literature, and turned bis face to the full light of 
the Greeks. And after a battle, not altogether dissimilar 
to that which is at present being fought over the teach- 
ing of physical science, the study of Greek waa recog- 
nised as an essential element of all higher education. 

Thus the Humanists, as they were called, won the 
day ; and the great reform which they effected was of 
incalculable service to mankind. But the Nemesis of all 
reformers is finality; and the reformers of education, 
like those of rehgion, fell into the profound, however 
common, error of mistaking the beginning for the end 
of the work of reformation. 

The representatives of the Hnmaniets, in the nine- 

ith century, take their stand upon classical education 
lihe sole avenue to culture, as firmly as if we were still 
age of Renascence. Tet, surely, the present intel- 
lal relations of the modem and the ancient worlds 
rofonndly different from those which obtained three 
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The period of the Renascence is commonly eallod 
that of the "Revival of Letters," as if the inflaeneea 
then brought to bear upon the mind of Weetem Enrope 
hak, been wholly exhausted iu the field of Uteratnre. I 
think it is very commonly forgotten that the revival of 
science, efiected by the same agency, although less con- 
spicuone, was not less momentous. 

In fact, the few and scattered etudente of nature of 
that day picked up the clue to her secrets exactly as it 
fell from the handa of the Greeks a thonsand years 
before. The foundations of mathematics were so well 
laid by them, that our children learn their geometry 
from a book written for the schools of Alexandria two 
thousand years ago. Modem astronomy ia the natural 
continuation and development of the work of Hipparchus 
and of Ptolemy ; modem physics of that of Democritus 
and of Archimedes; it was long before modem bio- 
logical science outgrew the knowledge bequeathed to ns 
"by Aristotle, by Theophrastne, and by Galen. 

We cannot know all the best thoughts and sayings 
of the Greeks unless we know what they thought about 
natural phenomena. We cannot fully apprehend their 
criticism of life nnless we nnderstand the extent to 
which that criticism was affected by scientific concep- 
We falsely pretend to be the inheritors of their 

mre, unless we are penetrated, aa the best minds 
among them were, with an nnhesitating faith that the 
free employment of reason, in accordance with scientific 
method, is the sole method of reaching truth. 



^^ which 
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Thus I ventnre to think that the pretensioiiB of our 

/Modern Humanists to the posBeseioii of the monopoly 
\ of culture and to the exclusive inheritance of the spirit 
of antiquity must be abated, if not abandoned. But I 
should be very sorry that anything I have said should 
be taken to imply a desire on my part to depreciate 
the value of classical education, as it might be and te 
it sometimes is. The native capacities of mankind vary 
'. no less than their opportunities ; and while culture is 
one, the road by vrhich one man may best reach it ii, 
widely different from that which is most advantageonS 
to anotlier. Again, while scientific education ts jek- iOr 
choate and tentative, classical education is thoionf^^^ 
well organised upon the practical experience of f^uiilHi 
tions of teachers. So that, given ample time for Icun- 
iug and destination for ordinaiy life, or for a 111 
career, I do not think tliat a young Englishi 
search of culture can do better than follow 
usually marked oat for him, supplemontii 
cies by his own efforts. 

Sut for those who mean to 
OU8 occupation ; or who intend 
of medicine ; or who have to ei 
ness of life ; for all these, 
cation is a mistake ; and it 
glad to see "mere ]il 
shut out from tlie currii 
lege, seeing that its inct] 
troduction of the oi 
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KeverthelesB, I am the last person to qQeBtion the | 
-Importance of genuine literary edacation, or to suppose 1 1 
that inteiiectual culture can be complete without it. An 1 1 
exclnsively scientiiic training will bring about a mental \i 
twist as surely as an exclusively literary training. The 
value of tlie cargo does not compensate for a ship's being 
oat of trim ; and I should be very sorry to think that 
the Scientific College would turn out none hut lop-sided 
men. 

There is no noed, however, tlist such a cata£trophe 
should happen, In8tmctMA^^^ta|jt|^ French, and 
Oerman is provided, md j^^^^^^^^^^Bktest litera- 
ture's of the modern woj^^^^^^^^^^^^B^ to the 

^BOdent. 

^^^Vrench uid Gsn^^^^^^^^^^^^^^Htter lan- 
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plated, it eeemS to me that a fairly complete culture is 
^BEered to all who are wiUiiig to take advantage of it. 

^* Bnt I am not snre that at this point the "practical " 
man, scotched but not slain, may ask what all this talk 
about cnlture baa to do with an Institiition, the object 
of which is defined to be " to promote the prosperity of 
the manufactures and the industry of the country." 
lie may suggest that what ia wanted for this end iB not 
culture, nor even a purely scientific discipHne, bnt sim- 
ply a knowledge of apphed science, 

I often wish that this phrase, " applied ecience," had 
never been invented. For it BUggests that there is a 
sort of scientific knowledge of direct practical use, whieh 
can be studied apart from another sort of Bcientifio 
knowledge, whieli is of no practical utihty, and which 
is termed "pure science." But there is no more com- 
plete fallacy than this. What people call applied science 
18 nothing but the application of pure science to par- 
ticular clasBCB of prohlemB, It consistB of deductions 
from those general principles, established by reasoning 
and observation, which constitute pure science. No 
one can safely make these deductions until he has a 
firm grasp of the principles; and he can obtain fliat 
graep only by personal experience of the operations 
of observation and of reasoning on which they are 
isded. 
I Almost all the proceEses employed In tiie Atti and 
! fall within the range either of physics or 
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must thor- ' 



i!' 



»f chemistry. In order to improve them, one must 
onghly understand them; and no one has a chance oL 
really nnderstanding them, unless he has obtained that 
mastery of principles and that habit of dealing with 
facts, which is given by long-continued and well-directed 
purely scientific training in the physical and the chemi- 
cal laboratory. So that there really is no gnestiou as to 
the necessity of pnrely scientific discipline, even if the 
rork of the College were limited by the narrowest in- 

iretation of its stated alms. 

And, as to the desirableness of a wider culture than 
that yielded by science alone, it is to be recollected that 
the improvement of manufacturing processes is only one 
of the conditions which contribute to the prosperity of 
industry. Industry is a means and not an end; and 
manldnd work only to get something which they want. 
What that something is depends partly on their innate, 
and partly on their acquired, desires. 

If the wealth resulting from prosperous industry is 
be spent upon the gratification of unworthy desires, if 
ie increasing perfection of manufacturing processes is 
to be accompanied by an increasing debasement of those 
who carry them on, I do not see the good of industry 
and prosperity. 

Now it is perfectly true that men's views of what 
is desirable depend upon their characters ; ffid that the 
innate proclivities to which we give that name are not 
touched by any amount of instruction. But it does not 
follow that even mere intellectual education may not, to 
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an indefinite extent, modify the practical manifestatioa 
I of the characters of men in their aotions, by supplying 
1 them with motives tmtnowTi to the ignorant. A pleaa- 
\ nre-loving character will have pleasure of some sort ; 
'.bnt, if you give him the choice, he may prefer pleasures 
yhich do not degrade lirm to those which do. And this 
ohoicc is offered to every man, who possesses iu literary 
or artistic culture a never-failing source of pleasures, 
which are neither ' withered by age, nor staled by cus- 
tom, nor embittered in the recollection by the pangs of 
self-reproach. 

If the Institution opened to-day fulfils the intention 
of its founder, the picked intelligences among all classes 
of the population of this district will pass through it. 
No child born in Birmingham, henceforward, if he have 
the capacity to profit by the opportunities offered to 
him, first in the primary and other schools, and after- 
wards in the Scientific College, need fail to obtain, not 
merely the instruction, but tlie culture most appropriate 
to the conditions of his life. 

Within these walls, the future employer and the 
future artisan may sojouni together for a while, and 
carry, through all their lives, the stamp of the influences 
then brought to bear upon them. Hence, it is not 

«'fide the mark to remind you, that the prosperity of 
kstry depends not merely upon the improvement of 
anufaetnring processes, not merely upon the ennobling 
of the individnal character, but upon a third condition, 
jamely, a clear understanding of the conditions of social 
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|he_jiart of both the capitalist and the operative, 
and their agreement npon common principles of social U' 
action. They must learn that sociiil phenomena are as \l 
mnch the expression of natural laws as any others ; that | 
no eocial arrangements can be permanent unlesa they i 
faarmoniEe with the requirementa of social statics and 'I 
dynamics ; and that, in the nature of tilings, there is an 
arbiter whose decisions execute themselves. 

But this knowledge is only to be obtained by the i| 
application of the methods of investigation adopted in !« 
physical researches to the investigation of the phe- * 
noraena of society. Hence, I confess, I should like to see 
one addition made to the excellent scheme of education 
propounded for the College, in the shape of provision for 
the teaching of Sociology. For though we are all agreed 
tliat party pohtics are to have no place in the instruction 
of the College ; yet in this country, practically governed 
as it is now by universal suffrage, every man who does 
his duty must exercise political functions. And, if the 
evils which are inseparable from the good of political 
liberty are to be checked, if the perpetual oscillation of 
nations between anarchy and despotism is to be replaced 
by the steady march of self-restraining freedom ; it wiU 
because men will gradually bring themselves to deal 
political, as they now deal with scientiflc questions ; 
be as ashamed of undue haste and partisan prejudice 
m the one case as in the other ; and to believe that the 
machinery of society is at least aa delicate as that of a 
spinning- jenny, and as little likely to be improved by the 
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V meddling of those who have not taken the trouble to 

/ master the principles of its action. 

In conclusion, I am sure that I make myself the 
mouthpiece of all present in offering to the venerable 
founder of the Institution, which now commences its 
beneficent career, our congratulations on the completion 
of his work ; and in expressing the conviction, that the 
remotest posterity will point to it as a crucial instance of 
the wisdom which natural piety leads all men to ascribe 
to their ancestors. 
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Elected by the suffrages of your four Nations, Rector 
of the ancient University of which you are scholars, I 
take the earliest opportunity which haa presented itself 
since my restoration to health, of delirering the Address 
which, by long custom, is expected of the holder of 
my office, 

My firet duty in opening that Address, is to ofEer 
you my most hearty thanks for the signal honour you 
have conferred upon me — an honour of which, as a man 
unconnected with you by personal or by national ties, 
devoid of political distinctionj and a plebeian who stands 
by his order, I could not have dreamed. And it was the 
more eurprising to me, as the five-and-twenty years 
which have passed over my head since I reached intel- 
lectual manhood, have been largely spent in no half- 
hearted advocacy of doctrines which have not yet found 
favour in the eyes of Academic respectability; so that^ 
when the proposal to nominate me for your Rector came, 
I was almost as much astonished as was Hal o' the 
Wynd, "who fought for his own hand," by the Black 
Douglas's proffer of knighthood. And I fear that my 



acceptance must be taken as evidence tliat, less wise than 
the Armourer of Perth, I have not yet done with 8ol- 



In fact, if, for a moment, I imagined that your in- 
tention was 8imp]y, in the kindness of your hearts, to 
do me hononr; and that the Rector of your Univer- 
6ity, like that of eome other Universities, was one of 
those happy beings who sit in glory for three years, with 
nothing to do for it save the making of a speech, a con- 
versation with my distinguished predecessor soon dis- 
pelled the dream. I found that, by the constitution of 
the University of Aberdeen, the incumbent of the Koc- 
torate is, if not a power, at any rate a potential energy ; 
and that, whatever may be his chances of success or fail- 
ure, it is hia duty to convert that potential enei^ into 
a living force, directed towards such ends as may seem 
to hira conducive to the welfare of the corporation of 
which he is the theoretical head. 

I need not tell you that your late Lord Eector took 
this view of his position, and acted upon it with the 
comprehensive, far-seeing insight into the actual condi- 
tion and tendencies, not merely of his own, but of other 
countries, which is his honourable characteristic among 
statesmen. I have already done my best, and, as long 
as I hold my office, I shall continue my endeavours, to 
follow in the path which he trod ; to do what in me 
lies, to bring this University nearer to the ideal — alas, 
that I should be obliged to say ideal— of all Universi- 
ties; -whieb, as I conceive, should be places in whi^ 



UHTVERSmES : ACTUAL AFD IDEAL. 

thong lit is fr ee from all fettere ; and in which all eoorceB 
of knowledge, and all aids to leamingj should be acces- 
Bible to all comers, witbont distinction of creed or coun- 
try, riches or poverty. 

Do not suppose, however, that I ara sanguine enough 
to expect much to come of any poor efforts of mine. 
If your annals take any notice of my incumbency, I 
shall probably go down to posterity as the Hector who 
was always beaten. But if they add, as I think they 
will, that my defeats became victories in the hands of 
my successors, I shall be well content. 

The scenes are shifting in the great theatre of the 
world. The act which commenced with the Protestant 
Reformation is nearly played out, and a wider and a 
deeper change than that effected three centuries ago — a 
reformation, or rather a revolution of thought, the ex- 
tremes of which are represented by the intellectnal heirs 
of John of Leyden and of Ignatius Loyola, rather than 
by those of Luther and of Leo — is waiting to come on, 
nay, visible behind the scenes to those who have good 
eyes. Men are beginning, once more, to awake to the 
fact that matters of belief and of epeculation are of ab- 
solutely infinite practical importance ; and are drawing 
off from that snnny conntry "where it is always after- 
noon" — the sleepy hollow of broad indifferentisra — to 
range themselves under their natural banners. Change 
is in the air. It is whirling feather-heads into all sorts 
of eccentric orbits, and filling the steadiest with a sense 
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of insecarity. It insistB on reopening all questions and 
aeking all inBtitutions, however venerable, by what right 
they exist, and whether they are, or are not, in harmony 
with the real or supposed wants of maokind. And it ■ 
IB remarkable that these Bearching inquiries are not so 
much forced on institntions from without, as developed 
from within. Consummate Bcholars qnestion the value 
of learning ; priests contemn dogma ; and women tnm 
their backa upon man's ideal of perfect womanhood, 
and seek satisfaction in apocalyptic visions of Bomo, as 
yet unrealised, epicene reality. 

If there be a type of stability in this world, one 
would be inclined to look for it in the old UniverBities 
of England. But it has been my business of late to hear 
a good deal abont what is going on in these famous 
corporations ; and I have been filled with astonishment 
by the evidences of internal fermentation which they 
exhibit. If Gibbon could revisit the ancient seat of 
learning of which he has written so cavalierly, aEsnredly 
he would no longer speak of " the monks of Oxford 
sunk in prejudice and port." There, as elsewhere, port 
has gone out of fashion, and bo haB prejudice — at least 
that particular fine, old, crusted sort of prejudice to 
which the great hiBtorian alludes. 

Indeed, things are moving so fast in Oxford and 

Cambridge, that, for my part, I rejoiced when the Kopd 

^^Jiunmission, of which I am a member, had finished and 

^^HBented the Ileport- which related to these UniverBi- 

^^hfl ior we should have looked like mere plagiaiista, 
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if, in conBeqnence of a little longer delay in issuing it, 
all the measnres of reform we proposed had been an- 
ticipated by the spontaneoas action of tbe Universities 
themselves. 

A month ago I should have gone on to say that one 
might speedily expect changes of another kind in Ox- 
ford and Cambridge. A Commission has been inquir- 
ing into the revenues of the many wealthy societieB, in 
more or less direct connection with the Universities, 
resident in those towns. It is said that the Commis- 
sion has reported, and that, for the first time in recorded 
history, the nation, and perhaps the Colleges themselves, 
will know what they are worth. And it was announced 
that a statesman, who, whatever his other merits or de- 
fects, has aims above the level of mere party fighting, 
and a clear vision into the most complex practical prob- 
lems, meant to deal with these revenues. 

But, Boa locutiia est. That mysterious independent 
variable of political calculation, Public Opinion — which 
some whisper is, in the present ease, very much the 
same thing as publican's opinion — has willed otherwise. 
The Heads may return to their wonted slumbers — at 
any rate for a space. 

Is the spirit of change, which is working thus vigor- 
ously in the South, likely to aSect the Northern Uni- 
versities, and if so, to what extent? The violence of 
fermenta,tion depends, not so much on tbe quantity of 
the yeast, as on tbe composition of the wort, and its 
nehness in fermentable material ; and, as a preliminary 
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to the diBcussion of this queetion, I ventiire t 

your minds the eeeential and fundamental difFerences 

between tlie Scottish and the Enghsh tjrpe of Univer- 

aity. 

Do not charge me with anything worse than official 
egotism, if I eay that these differences appear to be 
largely symbolised by my own exifitenee. There is no 
Eector in an English University. Now, the organisa- 
tion of the members of an University into Nations, 
with their elective Rector, is the last relic of the primi- 
tive constitution of Universities. The Rectorate was 
the most important of all offices in that University of 
Paris, upon the model of which the University of Aber- 
deen was fashioned ; and which was certainly a great 
and flourishing institntion in the twelfth ccntniy. 

Enthusiasts for the antiquity of one of the two 
acknowledged parents of all Universities, indeed, do 
not hesitate to trace the origin of the " Studiora Parisi- 
ense" up to that wonderful king of the Franks and 
Lombards, Karl, surnamed the Great, whom we all 
called Charlemagne, and believed to be a Frenchman, 
nnti] a learned historian, by benciicent iteration, tanght 
us better. Karl is said not to have been ranch of s 
scholar himself, but he had the wisdom of which knowl- 
edge is only the servitor. And that wisdom enabled 
him to see that ignorance is one of the roots of a4 
evil. 

In the Capitulary which enjoins the foundation of 

lasterial and cathedral schools, he says: "Eight ao- 



m 

^^P UNIVEESrriEB : ACTUAL AND IDEAL. 37 

^^^Bn is better tliaa knowledge ; bnt in order to do what j/ 
is right, we muet know what is right." * An irre- 
fragable truth, I fancy. Acting npon it, the king 
took pretty full compnlaory jjowere, and carried into 
effect a really conBiderable and effectual scheme of ele- 
mentary education throngli the length and breadth of 
his dominions. 

No donbt the idolaters ont by the Elbe, in what ia 
now part of Prussia, objected to the Frankish king's 
measures ; no donbt the priests, who had never hesi- 
tated about sacrificing all unbelievers in their fantastic 
deities and futile conjurations, were the loudest in chant- 
ing the virtues of toleration ; no doubt they denounced 
as a cruel persecutor the man who would not allow 
them, however sincere they might be, to go on spread- 
ing delusions which debased the intellect, as much as 
they deadened the moral sense, and undermined the 
bonds of civil allegiance ; no doubt, if they had lived 
in these times, they would have been able to show, 
with ease, that the king's proceedings were totally con- 
trary to the best liberal principles. But it may be said, 
in justification of the Teutonic ruler, first, that ho was 
bora before those principles, and did not suspect that 
^tho best way of getting disorder into order was to let 
^^Hjilone ; and, secondly, that his rough and question- 
^^^pb proceedings did, more or less, bring about the end 
*"Quamci4 enim melius sit bene fncere qnam noaie, prtus Camen 
est noBGC quojn farare." — "EuroU Magni ItegiR GDaatltntiD de Bcholii 
per singula Episcopla el Honasteria inKlitueodiB," nddrcEsed to the Abbot 
n^WdiL Balilaug, " CapituUrU B^um Francorum," T. i., p, BOB, 



he had in view. For, in a couple of centuricB, the 
Bchools he sowed broadcast prodnced their crop of men, 
thirsting for knowledge and craving for cnlture. Snch 
men gravitating towards Paris, as a light amidst the 
darkness of evil days, from Germany, from Spain, from 
Britain, and from Scandinavia, came together by natu- 
ral affinity. By degrees they banded themselvea into 
a society, which, as its end was the knowledge of all 
things knowablo, called itself a "St^idhvm Oeneralef^ 
and when it had grown into a recognised corporation, 
acquired the name of " Unlversitas Sticdii Generalia" 
which, mark yon, means not a " Usefnl Knowledge So- 
ciety," bnt a "lijiowledge-of-things-in-general Society." 
And thus the first "University," at any rate on 
this side of the Alps, came into being. Originally it 
had but one Faculty, that of Arte. Its aim was to be 
a centre of knowledge and cultore ; not to be, in any 
sense, a technical school. 

The scholars seem to have studied Grammar, Logic, 
and Rhetoric; Arithmetic and Geometry; Astronomy; 
Theology ; and Music. Thns, their work, however im- 
perfect and faulty, judged by modem Hghts, it may 
have been, brought them face to face with all the 
leading aspects of the many-sided mind of man. For 
^Bttse studies did really contain, at any rate in embryo 
^^Bpometimes, it may be, in caricature — what we now 
^Hu Philosophy, Mathematical and Physical Science, 
and Art. And I doubt if the corriculum of any mod- 
, J UniverBity shows so clear and generous a compre- 
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ision of what is meant by culture, as this old Tri- 
Yiam and Quadrivimn does. 

The students who had passed throogh the Univei^ 
Bity coarse, and had proved themselTes competent to 
teach, became maatere and teachers of their younger 
brethren. Whence the distinction of Masters and Ee- 
gents on the one hand, and Scholars on the other. 

Rapid growth necessitated organisation. The Mas- 
ters and Scholars of various tongues and countries 
grouped themselves into four Nations ; and the Nations, 
by their own votes at first, and subsequently by those 
of their Procurators, or representatives, elected their 
supreme head and governor, the Rector — at that time 
the solo representative of the University, and a very 
real power, who could defy Provosts interfering from 
without; or eonld inflict even corporal punishment on 
disobedient members within the University, 

Such was the primitive constitution of the Univer- 
sity of Paris. It is in reference to this original state of 
things that I have spoken of the Rectorate, and all that 
appertains to it, as the sole relio of that constitution. 

But this original organisation did not last long. 
Society was not then, any more than it is now, patient 
erf culture, as such. It saya to everything, " Be useful 
i me, or away with yon." And to the learned, the 
med man said then, as he does now, "What is 
3ie use of all your learning, unless you can tell me 
what 1 want to know! I am here blindly groping 
about, and constantly damaging myself by collision 
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with three mighty powere, the power of the invisible 
God, the power of my fellow Man, and the power of 
bmte Katui-e, Let yonr learning be turned to the 
study of these powers, that I may know how I am to 
comport myself with regard to them." In answer to 
this demand, some of the Masters of the Faculty of 
Arts devoted themselves to the study of Theology, 
some to that of Law, and some to that of Medicine ; 
and they became Doctors — raen learned in those tech- 
nical, or, as we now call them, professional, branches 
of knowledge. Like cleaving to like, the Doctors formed 
schools, or Faculties, of Theology, Law, and Medicine, 
which sometimes assumed airs of superiority over their 
parent, the Faculty of Arts, though the latter always 

KBertcd and maintained its fundamental supremacy. 
The Faculties arose by process of natural diSerentia- 
on out of the primitive University. Other constitu- 
ent^ foreign to its nature, were speedily grafted upon 
it. One of these extraneous elements was forced into 
it by the lioman Church, which in those days asserted 
with effect, that which it now asserts, happily without 
^^tff eSeot in these realms, its right of censorship and 
^^Bltrol oror all teaching. The local habitation of the 
^^Biveraity lay partly in the lands attached to the monaa- 
^^v of 8, Genevieve, partly in the diocese of the Bishop 
^^^Foris ; and he who wonld teach must have the licence 
^^Bbe Abbot, or of the Bishop, as the nearest representa- 
"O of the Pope, 80 to do, which licence was granted by 
tncollors of these Ecclesiastics. 



I 
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IhuB, ii I am what arcliseologiBts call a " enrvival " 
of the primitive head and mler of the TJniverBitj, your 
Chaucellor stands in the same relation to the Papacy ; 
and, with all roBpect for hie Grace, I think I may say 
that we both look terribly ehnmken when compared 
witli onr great originals. 

Not so is it with a second foreign element, which 
silently dropped into the soil of Universities, like the 
grain of muatard-aced in the parable; and, like that 
grain, grew into a tree, in whose branches a whole aviary 
of fowls took ehelter. That element is the element of 
Endowment. It differed from the preceding, in its 
original design to serve as a prop to the yonng plant, not 
to be a parasite opon it. The charitable and the humane, 
blessed with wealth, were very early penetrated by the 
misery of the poor student. And the wise saw that in- 
tellectual ability is not so common or so nnimportant a 
^t that it should be allowed to ran to waste upon mere 
handicrafts and chares. The man who was a blessing to 
hifl contemporaries, but who so often has been converted 
into a cnrse, by the blind adherence of bis posterity to 
the letter, rather than to the spirit, of his wishes — I mean 
the "pious founder" — gave money and lands, that the 
student, who was rich in brain and poor in all else, might 
be taken from the plough or from the stithy, and enabled 
to devote himself to the higher service of mankind ; and 
built colleges and halls in which he might be not only 
honsed and fed, bnt taught. 

The Colleges were very generally placed in strict 
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ibordiuAtion to the University by their fonndera ; bnt, 
many cases, their endowment, consisting of land, has 
idergone an "unearned increment," which has given 
societies a continually increasing weight and im- 
irtance as against the unendowed, or fixedly endowed, 
niversity. In Pharaoh's dream, the seven lean kine 
up the seven fat ones. In the reality of historical 
fact, the fat Colleges have eaten up the lean Universities. 
Even here in Aberdeen, though the causes at work 
,y have been somewhat different, the effects have been 
limilar ; and you see how much more substantial an 
entity is the Very Eeverend the Principal, analogue, if 
not horaologae, of tlie Principals of King's College, than 
the Hector, lineal representative of the ancient monarchs 
of the University, though now, little more than a "king 
of shrcda and patches." 

Do not suppose that, in thus briefly tracing the pro- 
cess of University metamorphosis, I have had any inten- 
tion of quarrelling with its resiilts. Practically, it seems 
to me that the broad changes effected in 1858 have ^ven 
the Scottish Universities a very liberal constitution, with 
aa mBch real approximation to the primitive state of 
things as is at all desirable. If your fat kine have eaten 
the lean, they have not lain down to chew the cud ever 
. The Scottish Universities, like the English, have 
'ged widely enough from their primitive model ; 
it I cannot help thinking that the northern form haa 
imained more faithful to its original, not only in con- 
■n, but, what is more to the purpose, in view of 
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the crj for eliaiige, in the practical appHcation of the 
endowments connected with it. 

In Aberdeen, these endowments are nomerous, bat 
BO Bmall that, taken altogether, they are not equal to 
the revenne of a single third-rate English college. TKoy 
are scholareliips, not fellowehipe ; aids to do work — not ' 
rewards for such work as it lies within tiie reach of an 
ordinary, or even an extraordinary, young man to do. 
Yon do not think that passing a respectable examination 
is a fair equivalent for an income, such as many a gray- 
beaded veteran, or clergyman, would envy ; and which 
is larger than the endowment of many Regius chairs. 
Ton do not care to make your University a school of 
manners for the rich ; of sports for the athletic ; or a 
hot-bed of high-fed, hypercriticEd refinement, more de- 
structive to vigour and originahty than are starvation 
and oppression. No; your little Bnrsariee of ton and 
twenty (I behevo even fifty) pounds a year, enable any 
boy who has shown ability in the course of his education 
in those remarkable primary schools, which have made 
Scotland the power she is, to obtain the highest culture 
the country can give him ; and when he is armed and 
equipped, his Spartan Alma Mater tells him that, so far, 
he has had hie wages for his work, and that he may go 
and earn the rest. 

When I think of the host of pleasant, monied, well- 
bred young gentlemen, who do a little learning and 
much boating by Cam and Isis, the vision is a pleasant 
one; and, as a patriot, I rejoice that the youth of the 
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)per and richer classes of tlie nation receive a. whole- 
Bome and a manly training, however small may be the 
modiciim of knowledge they gather, in the intervals of 
then" serioua buainess. I admit, to the full, the 
,1 and political value of that training. But, when 
t- proceed to consider that these young men may be 
Bald to represent the great bulk of what the Collegeg 
have to show for their enormous wealth, pins, at least, 
a hundred and fifty pounds a year apiece which each 
undergraduate costs his parents or guardians, I feel 
inclined to ask, whether the rate-in-aid of the education 
of the wealthy and professional classes, thus levied on 
the resources of the community, is not, after all, a little 
heavy? And, still further, I am tempted to inquire 
what has become of the indigent scholars, the eons of 
the masses of the people whose daily labour just sufflcee 
to meet their daily wants, for whose benefit these rich 
foundations were largely, if not mainly, instituted ! It 
seems as if Pharaoh's dream had been rigorously car- 
and that even the fat scholar has eaten the 
And when I turn from this picture to the 
10 less real vision of many a brave and frugal Scotch 
boy, spending his summer in hard manual labour, that 
he may have the privilege of wending his way in au- 
tumn to this University, with a bag of oatmeal, ten 
pounds in his pocket, and hia own stout heart to de- 
id upon through the northern winter; not bent on 

"The babble reputation at tlie canDoa's inouth," 
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but determined to wring knowledge from the hard hands 
of penury ; when I see him win through all such out- 
ward obstacles to positions of wide ugefalness and well- 
earned fame ; I cannot but think that, in essence, Aber- 
deen has departed but little from the primitive intention 
of the founders of Universitiee, and that the spirit of 
reform has so much to do on the other side of the Bor- 
der, that it may be long before he has leisure to look 
this way. 

As compared with other actual Universities, then, 
Aberdeen, may, perhaps, be well satisfied with itself. 
But do not think me an impracticable dreamer, if I ask 
you not to rest and be thankful in this state of satisfac- 
tion ; if I ask you to consider awhile, how this actual 
good stands related to that ideal better, towards which 
both men and institutions must progress, if they would 
not retrograde- 
In an ideal University, as I conceive it, a man should 
be able to obtain instruction i n all forms of knowledge, 
and discipline in the use of all the methods by which 
knowledge is obtained. In s neh an TTnivftrai ty, the force 
of living example should fire the student with a noble 
ambition to emulate the learning of learned men, and 
to follow in the footsteps of the explorers of new fields 
of knowledge. And the very air ho breathes should be 
charged with tliat enthusiasm for truth, that fanaticism 
of veracity, which is a greater possession than much 
learning ; a nobler gift than the power of increasing 
knowledge ; by so much greater and nobler than these. 
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8 the moral nature of man is greater than the intellec- 
1 tual ; for veracity ia the heart of morality. 

But the man who ia all morality and intellect, al- 
^ though he may be good and even great, is, after all, only 
half a man. There is heanty in the moral world and in 
the intellectual world ; but there is also a beauty which 
is neither moral nor intellectual — the beauty of the 
world of Art. There are men who are devoid of the 
power of seeing it, as there are men who are bom deaf 
and blind, and the loss of those, as of these, is simply 
infinite. There are others in whom it is an overpower- 
ing pasBion ; happy men, bom with the productive, or 
at lowest, the appreciative, geniuB of the Artist. But, 
in the mass of mankiod, the ^Esthetic faculty, like the 
reasoning power and the moral sense, needs to be ronsed, 
directed, and cultivated ; and I know not why the devel- 
opment of that side of liis nature, through which man 
hae access to a perennial spring of ennobling pleasure, 
should be omitted from any comprehensive scheme of 
University education. 

All Universities recognise Literature in the sense of 
the old Rhetoric, which is art incarnate in words. Some, 
to their credit, recognise Art in its narrower sense, to a 
certain extent, and confer degrees for proficiency in 
some of its branches. If there are Doctors of Music, 
why should there be no Masters of Painting, of Sculpture, 
of Architecture ? I should like to see Profesfiors of the 
Fine Arts in every University ; and instruction in some 
branch of their work made a part of the Arte currieulum. 
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F I just now expressed the opinion that, in oar ideal 
University, a man should be able to obtain instruction 
in all forms of knowledge. Now, by "forms of knowl- 
edge " I mean the great classes of things knowable ; of 
which the first, in logical, thongh not in natural, order 
is knowledge relating to the scopo and limits of the 
mental faculties of man ; a form of knowledge which, 
in its positive aspect, answers pretty much to Logic 
and part of Psychology, while, on its n^ative and criti- 
cal side, it corresponds with Metaphysics, 

A second class comprehends all that knowledge 
which relates to man's welfare, so far as it is determined 
by his own acts, or what we call his conduct. It answers 
to Moral and Religious philosophy. Practically, it is 
the most directly valuable of all forms of knowledge, 
but spccnlatively, it is limited and criticised by that 
which precedes and by that which follows it in my 
order of ennm oration. 

A third class embraces knowledge of the phenomena 
of the Universe, as that which lies about the individual 
man : and of the niles which thoee phenomena are ob- 
served to follow in the order of their occurrence, which 
we term the laws of Nature. 

This is what ought to be called Natural Science, or 
Physiology, though those terms are hopele^ly diverted 
from such a meaning ; and it includes all exact knowl- 
of natural fact, whether Mathematical, Physical, 

logical, or Social, 

t has said that the ultimate object of all knowl- 
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TO I. 



is to give replies to these three questions : What 
I do? What ought I to do? What may I hope 
i The forms of knowledge which I have enumer- 
ated, should furnish such replies as are -within human 
reach, to the first and second of these questions. While 
to the third, perhaps tho wisest answer is, " Do what you 
to do what you ought, and leave hoping and fear- 
ig alone." 
If this be a jnst and an exhaustive elassification of 
the forms of knowledge, no question as to their relative 
importance, or as to the superiority of one to the other, 



^Khrei 
^■wortl 
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On the face of the matter, it is absurd to ask whether 
it is more important to know the limits of one's powers ; 
or the ends for which they ought to be exerted ; or the 
conditions under which they must be exerted. One 
ty as well inquire which of the terms of a Bule of 
:& sum one ought to know, in order to get a trust- 
worthy result. Practical life is such a sum, in which 
your duty multiplied into your capacity, and divided by 
your circumstances, gives you the fourth term in the 
proportion, which is your deserts, with great acciiracy. 
All agree, I take it, that men ought to have these three 

ids of knowledge. The eo-eaUed " conflict of studies " 

IB upon the question of how they may best be ob- 
ined. 

Tho founders of Universities held the theory that the 
Scriptures and Aristotle taken together, tho latter being 

lited by tlie former, contained all knowledge wra^M 



^^^^ving; anc 



DKITEESmES: ACTUAL AND IDEAL. 49 

tving ; and tliat tlie buBiness of philoaopliy waa to in- 
terpret and co-ordinate these two, I imagine that in 
the twelfth centnry this was a very fair concIuBion from 
linown facts. Nowhere in the world, in those days, was 
there such an enejclopsedia of knowledge of all throe 
classes, as is to be fonnd in those writings. The scho- 
lastic philosophy ia a wonderful momiment of the pa- 
tience and ingenuity with which the human mind toiled 
to build up a logically consistent theory of the Universej 
out of such materials. And that philosophy is by no 
means dead and buried, aa many vainly suppose. On 
the contrary, numbers of men of no mean learning and 
accomplishment, and sometimes of rare power and sub- 
tlety of thought, hold by it as the best theory of things 
■which has yet been stated. And, what is still more re- 
markable, men who speak the language of modern phi- 
losophy, nevertheless think the thoughts of the school- 
men. "The voice is the voice of Jacob, but the hands 
are the hands of Esau." Every day I hear "Cause," 
"Law," "Force," "Vitality," spoken of aa entities, by 
people who can enjoy Swift's joke about the meat-roaat- 
ing quality of the smoke-jack, and comfort themselves 
with the reflection that they are not even aa those be- 
nighted schoolmen. 

Well, this great system had its day, and then it was 
sapped and mined by two influences. The first was the 
study of classical literature, which familiarised men with 
methods of philosophising ; with conceptions of the 

ighest Good ; with ideas of the order of Nature ; with 



^^f BotionB of 




It 



UNIVERSITIES: ACTUAL AND IDEAL. 

BotionB of Literary and nistorieal Criticism ; and, above 
all, with vieioDB of Art, of a kind which not only would 
not fit into the scholastic scheme, but showed them a 
pre-ChriBtian, and indeed altogether nn-Christian world, 
of such gi-andeur and beauty that they ceased to think 
of any other. They were as men who had kissed the 
Fairy Queen, and wandering with her in the dim love- 
liness of the under-world, cared not to return to the 
familiar ways of home and fatherland, though they lay, 
at arm's length, overhead. Cardinals were more familiar 
with Virgil than with Isaiah ; and Popes laboured, with 
.great success, to re-paganise Rome. 

The second influence was the slow, but sure, geapth 
t)f the physical sciences. It was discovered that some 
results of speculative thought, of immense practical and 
theoretical importance, can be verified by observation; 
and are always true, however severely they may be 
tested. Here, at any rate, -was knowledge, to the cef 
tainty of which no authority could add, or take away, 
tae jot or tittle, and to which the tradition of a thousand 
'ears was as insignificant as the hearsay of yesterday. 
To the scholastic system, the study of classical litera- 
ture might bo inconvenient and distracting, but it was 
possible to hope that it could be kept within bounds. 
Physical eeienee, on the other hand, was an irreconcilable 
enemy, to be excluded at all hazards. The College of 
;Oardinals has not distinguished itself in Physics or Physi- 
logy; and no Pope has, as yet, set up public laboratories 
the Vatican. 
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^^^ People do not always formulate the beliefs on wliich 
they act. "^lio instinct of fear and dislike is qnicber 
than the reasoning process; and I euspect that, taken 
in conjunction with some other causes, such instinctive 
aversion is at the bottom of tiie long exclusion of any 
serious discipline in the physical sciences from the gen- 
eral curriculum of Universities ; while, on the other 
hand, classical literature has been gradually made the 
backbone of the Arts coarse. 

I am ashamed to repeat here what I have said else- 
where, in season and out of season, respecting the value 
of Science as knowledge and discipline. But the other 
day I met with some passages in the Address to another 
Scottish University, of a great thinker, recently lost to 
OS, which express so fully, and yet so tersely, the truth 
io this matter, that I am fain to quote them : — 

" To question all things ;— never to turn away from 
any difficulty; to accept no doctrine either from ourselves 
or from other people without a rigid scrutiny by negative 
criticism ; letting no fallacy, or incoherence, or confusion 
of thought step by unperceived ; above all, to insist upon 
having the meaning of a word clearly understood before 
using it, and the meaning of a proposition before assent- 
ing to it ; — these are the lessons we learn " from workers 
in Science. " With all this vigorous management of 
the negative element, they inspire no scepticism about 
the reality of tmth or indifference to its pursuit. The 
noblest enthusiasm, both for the search after truth and 
tor applying it to its highest uses, pervades those writ- 
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era." "In cultivating, therefore," science as an essen- 
tial ingredient in education, "we are all the while lay- 
ing aa admirable foundation for ethical and philosophical 
cnlture." *> 

The passages I have quoted were uttered by John 
Stuart Mill ; but you cannot hear inverted commas, and 
it ia therefore right that I should add, without delay, 
that I have taken the liberty of substituting "workers 
in science " for " ancient dialecticians," and " Science as 
an essential ingredient in education " for " the ancient 
languages aa our best literary education." Mill did, in 
fact, deliver a noble panegyric upon classical studies. 
I do not doubt its justice, nor presume to question its 
wisdom. But I venture to maintain tliat no wise or just 
judge, who has a knowledge of the facts, will hesitate to 
say that it applies with equal force to scientific training. 

But it is only fair to the Scottisli Universities to 
point out that they have long understood the value of 
Science as a branch of general education. I observe, 
with the greatest satisfaction, that candidates for the 
degree of Master of Arts in this University are required 
to have a knowledge, not only of Mental and Moral 
Philosophy, and of Mathematics and Natural Philosophy, 
but of Natural History, in addition to the ordinary 
Latin and Greek course ; and that a candidate may take 
honours in these subjects and in Chemistry. 
I I do not know what the requirements of your ex- 

P Inaugural AddrtBS deli»erecl to tho UniTersity of St. Andrews, Feb- 
, 18S7, bj J, S. Mill, Beotor of tho UniTBMily (pp. 82, 88). 
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aminers may be, bnt I sincerely trust they arc not satis- 
fied with a mere book knowledge of these matters. For 
my own part, I wonld not raise a finger, if I could 
thereby introduce mere book work in science into every 
Arts ennicTilam in the conntry. Let those who want to 
Btudy books devote themselves to Literatm-e, in which 
we have the perfection of books, both as to substance 
and as to form. If I may paraphrase Hobbes's well- 
known aphorism, I would say that " books are the money 
of Literature, but only the counters of Science," Science 
(in the sense in which I now use the term) being the 
knowledge of fact, of which every verbal description is 
but an incomplete and symbolic expression. And be 
assured that no teaching of science is worth anything, 
as a mental discipline, which is not baaed upon direct .' 
perception of the facts, and practical exercise of the / 
observing and logical faculties upon them. Even in 
such a simple matter as the mere comprehension of 
form, ask the most practised and widely informed anato- ' 
mist what is the difference between his knowledge of 
a structure which he has read about, and his knowledge 
of the same structure when he has seen it for himself ; 
and he will tell you that the two things are not com- 
parable — the difference is infinite. Thus I am very 
strongly inclined to agree with some learned school- 
masters who say that, in their experience, the teaching 
of science is all waste time. As tliey teach it, I have 
no doubt it is. But to teach it otherwise, requires an 
unount of personal labour and a development of means 
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and appliances, which most strike horror and dismay 
into a man aceustomed to mere book work; and who 
has been in tlie habit of teaching a class of fifty without 
rauch strain upon his energies. And this is one of the 
real difficulties in the way of the introdnction of phys- 
ical science into the ordinary University course, to 
which I have allnded. It is a difficulty which will not 
be overcome, until yeare of patient study have organised 
scientific teaching as well as, or I hope better than, 
classical teaching Jias been organised hitherto. 

A little while ago, I ventured to hint a doabt as to 
the perfection of some of the arrangements in the ancient 
Universities of England ; but, in their provision for 
giving instrcction in Science as such, and without direct 
reference to any of its practical applications, they have 
set a brilliant example. Within the last twenty years, 
Oxford alone has sunk more than a hundred and twenty 
thousand pounds in building and furnishing Physical, 
Chemical, and Physiological Laboratories, and a raag- 
nificont Museum, arranged with an almost luxurious re- 
gard for the needs of the student. Cambridge, less 
rich, but aided by the munificence of her Chancellor, 
is taking the same course ; and, in a few years, it will 
be for no lack of the means and appliances of sound 
teaching, if the maaa of English University men remain 
in their present state of barbarous ignorance of even the 
^^ioienta of scientific culture. 

^^Yief another step needs to be made before Science 
^^^w «^id to have taken its proper place in the Uni- 
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versities, Tliat is ita recognition as a Facolty, or branch 
of Btndy demanding recognition and special organisation, 
on acooont of its tearing on the wants of mankind. 
The Faculties of Theology, Law, and Medicine, are 
technical schools, intended to eqnip men who have re- 
ceived general culture, with the special knowledge which 
is needed for the proper performance of the duties of 
clei^;yraen, lawyers, and medical practitioners. 

When the material well-being of the country de- 
pended upon rude pasturS and agriculture, and still 
ruder mining ; in the days when all the innumerable 
applications of the principles of physical science to prac- 
tical pnrposes were non-existent even as dreams ; days 
which men living may have heard their fathers speak 
of; what little physical science conld be seen to bear 
directly upon human life, lay within the province of 
Medicine. Medicine was the foster-mother of Chem- 
istry, because it has to do with the preparation of drugs 
and the detection of poisons ; of Botany, because it en- 
abled the physician to recognise medicinal herbs ; of 
Comparative Anatomy and Physiology, because the man 
who studied Human Anatomy and Physiology for purely 
medical purposes was led to extend his studies to the rest 
of the animal world. 

Within my recollection, the only way in which a 
student could obtain anything like a training in Phys- 
ical Science, was by attending the lectures of the Pro- 
fessors of Physical and Natural Science attached to the 
Medical Schools, fiut, in the coarse of the last thirty 



UNlTERSrnES: AOTDAL AND IDEAL. 

years, both foeter-mother and child ,have grown bo big, 
that they threaten not only to cmsh one another, bat 
to press the very life ont of the unhappy student who 
enters the nursery ; to the great detriment of all three. 

I speak in the presence of those who know practically 
what medical education is ; for I may assume that a 
large proportion of my hearers are more or leas advanced 
students of medicine. I appeal to the most indnstrioua 
and conscientious among yon, to those who are most 
deeply penetrated with a senBe of the extremely serious 
reaponsibilitics which attach to the calling of a medical 
practitioner, when I ask whether, ont of the four years 
which you devote to your studies, you ought to spare 
even so much as an hour for any work which does not 
tend directly to fit you for your duties? 

Consider what that work is. Its foundation is a 
sound and practical acc[naintance with the structure of 
the human organism, and with the modes and conditions 
of its action in health. I say a sound and practical ac- 
quaintance, to guard against the supposition that my in- 
tention is to suggest that you ought all to be minute 
anatomists and accomplished physiologists. The devo- 
tion of your whole four years to Anatomy and Physi- 
', ology alone, would be totally insufficient to attain that 

K. What I mean is, the sort of practical, familiar, 
|er-end knowledge ■which a watchmaker has of a 
ch, and which you expect that craftsman, as an 
lonest man, to have, when yon entrust a watch that 
. badly, to him. It is a kind of knowledge which 
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is to be acqnired, not in the lecture -room, nor in the 
library, but in the dissecting-room and the laboratory. »-' 
It ia to be had, not by sharing your attention between 
these and sundry other Bubjects, but by concentrating 
yonr minda, week after week, and month after month, 
eix or seven hours a day, upon all the complexities of 
organ and fnnetion, until each of the greater truths 
of anatomy and physiology has become an organic part 
of your minds — until you would know them if you 
were roused and questioned in the middle of the night, 
as a man knows the geography of his native place and 
the daily life of hia home. That is the sort of knowl- 
edge which, once obtained, is a life-long possession. 
Other occupations may fill your minds — it may grow 
dim, and seem to be forgotten — but there it is, like the 
inscription on a battered and defaced coin, which comes 
out when you warm it. 

If I had the power to remodel Medical Education, 
the first two years of the medical curriculum should be .^ 
devoted to nothing but such thorough study of Anatomy 
and Physiology, with Physiological Chemistry and Phys- 
ics ; the student should then pass a real, practical exam- 
ination in these subjects ; and, having gone through that 
ordeal satisfactorily, he should be troubled no more with 
them. His whole mind should then be given with equal 
intentness, to Therapeutics, in its broadest sense, to 
Practical Medicine and to Surgery, with instruction in 
Hygiene and in Medical Jurisprudence ; and of these 
aiibjectfl only — surely there are enough of them — should 
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lie be required to Bhow a knowledge in Ms final exam- 

ition. 
I cannot claim any Bpeoial property in this theory 

what the medical curriculum should bo, for I find that 
views, more or less closely approximating these, are held 
by all who have seriously considered the very grave and 
pressing question o£ Medical Reform ; and have, indeed, 
been carried into practice, to some extent, by the most 
enlightened Examining Boards. 1 have heard but two 
kinds of objections to them. There is, first, the objeo- 
taon of vested interests, which I will not deal with here, 
because I want to make myself as pleasant as I can, and 
no discussions are bo unpleasant as those which turn on 
such points. And there is, secondly, the much more 
respectable objection, which takes the general form of 
the reproach that, in thus limiting the curriculum, we 
are seeking to narrow it. We are told that the medical 
man ought to be a person of good education and general 
information, if his profession is to hold its own among 
other professions ; that he ought to know Botany, or 
else, if he goes abroad, he will not be able to tell poison- 
ons fruits from edible ones; that he ought to know 
drugs, as a druggist knows them, or he will not be able 
to teU sham bark and senna from the real articles ; that 
he ought to know Zoology, because — well, I really have 
never been able to learn exactly why he is to be expected 
to know zoology. There is, indeed, a popular supersti- 
tiou, that doctors know all about things that are queer 
or nasty to the general mind, and may, therefore, bo 
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reasonably expected to know the " barbarona binoiniala" 
applicable to snakes, enails, and slugs ; an amount of 
information with which the general mind is nsually com- 
pletely satisfied. And there is a scientific snperstition 
that Physiology ia largely aided by Comparative Anato- 
my — a snperstition which, like most superstitions, once 
had a grain of tnith at bottom; but the grain has be- 
come homceopathic, sineo Physiology took its moderu 
experimental development, and became what it is now, 
the application of the principles of Physics and Chemis- 
try to the elucidation of the phenomena of life. 

I hold as strongly as any one can do, that the medical 
practitioner ought to be a person of education and good 
general culture ; but I also hold by the old theory of a 
Faculty, that a man should have his general culture 
before he devotes himself to the special studies of that 
Paeulty ; and I venture to maintain, that, if the general 
culture obtained in the Faculty of Arts were what it 
ought to be, the student would have quite as much 
knowledge of the fundamental principles of Physics, of 
I Chemistry, and of Biology, aa he needs, before he com- 
menced his special medical studies. 

. Moreover, I would nrge, that a thorough study of 
Human Physiology is, ia itself, an education broader 
and more comprehensive than much that passes under 
tliat name. There is no side of the intellect which it 
does not call into play, no region of human knowledge 
into which either its roots, or its branches, do not extend ; 
like the Atlantic between the Old and the New Worlds, 
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its waves waeh the ehoreB of t!ie two worlds of matter 
and of mind ; its tribntary streams flow from both ; 
throDgh its waters, as yet unfurrowed by the keel of any 
Columbus, lies the road, if such there be, from the one 
to the other ; far away from that North-west Passage of 
mere speculation, in which so many brave souls have 
been hopelessly frozen up. 

But whether I am right or wrong about all this, the 

ttent fact of the limitation of time remains. As the | 
ig runs ^^^1 

" If a man conld bo surd ^^^^H 

That his life would endare ^^^^H 

For tie space of a thousand long years " I 

might do a number of things not practicable nnder I 
present conditions. Methuselah might, with much pro- \ 
priety, havo taken half a century to get his doctor's I 
degree ; and might, very fairly, have been required to 
pass a practical examination upon the contents of the 
Britiab Museum, before commencing practice as a prom- 
ising young fellow of two hundred, or thereabouts. But 
yon have four years to do your work in, and are turned 
■■oose, to save or slay, at two or three and twenty. 

Now, I put it to you, whether you think that, when 
^On come down to the realities of Hfe — when you stand 
*^y the Bick-bed, racking yonr brains for the principles 
which shall furnish you with the means of interpreting 
^jrmptoms, and forming a rational theory of the condi- 
tioa o/jyonr patient, it will be satisfactory for you to 
^^/. ^. those prioeipleB are not there— although, to aa& . 
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the examination elaog which is nnforttmately too famil- 
iar to me, you can quite easily " give an account of the 
leading pecaliaritiea of the Maraupialia" or " enumerate 
the chief characters of the Compoaitm" or "state the 
class and order of the animal from which Castoreum is 
obtained." 

I really do not think that etate of things will be sat- 
isfactory to yon ; I am very sure it will not be so to 
your patient. Indeed, I am bo narrow-minded myself, 
that if I had to choose between two physicians— one 
who did not know whether a whale is a fish or not, 
and conld not tell gentian from ginger, bnt did under- 
stand the applications of the institutes of medicine to 
his art ; while the other, Uke Talleyrand's doctor, " knew 
everything, even a little physic " — with all my love for 
breadth of culture, I should assuredly consult the former. 

It is not pleasant to incur the suspicion of an incli- 
nation to injure or depreciate particular branches of 
knowledge. But the fact that one of those which I 
should have no hesitation in excluding from the medi- 
cal curriculum, is that to which my own life bas been 
specially devoted, should, at any rate, defend me from 
the suspicion of being urged to this course by any but 
the very gravest considerations of the public welfare. 

And I should like, farther, to call your attention to 
the important ciroumstance that, in thus proposing the 
exclusion of the study of such branches of knowledge 
as Zoology and Botany, from those compulsory upon the 
medical student, I am not, for a moment, snggesting 
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tbeir exelueion from the University. I tbiok that 
sound and practical instruction in the elementary facts 
and broad principles of Biology should form part of the 
Arts Ciirricnlum : and here, happily, my theory ia in 
entire accordance with your practice. Moreover, as I 
have already said, I have no sort of doubt that, in view 
of the relation of Physical Science to the practical life 
of the present day, it has the same right as Theology, 
Law, and Medicine, to a Faculty of its own in which 
men shall be trained to be professional men of science. 
It may be doubted whether Universities are the places 
for technical schools of Engineering, or Applied Chem- 
istry, or Agriculture. But there can surely be little 
question, that instmction in the branches of Science 
which He at the foundation of these Arts, of a far more 
advanced and special character than conld, with any 
propriety, bo included in the ordinary Arts Curriculum, 
ought to be obtainable by means of a duly organised 
Faculty of Science in every University. 

The establishment of snch a Faculty would have the 
itional advantage of providing, in some measure, for 
one of the greatest wants of our time and countiy. I 
mean the proper support and encouragement of origi- 
nal research. 

The other day, an emphatic friend of mine commit- 
ted himself to the opinion that, in England, it is better 
man's worldly prospects to bo a drunkard, than to 
litten with the divine dipsomania of the original 
itigator. I am inclined to think he was not 
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ing. And, be it observed, that the question is not, 
whether sneh a, man shall be able to make as much ont 
of his abilities as his brother, of like ability, who goes 
into Law, or Engineering, or Commerce; it is not a 
question of " maintaining a due number of saddle horses," 
as George Eliot somewhere puts it — it is a question of J 
Jiving or starving. 

If a student of my own Bubject shows power and 
originality, I dare not advise him to adopt a scientific 
for, supposing he is able to maintain himself 
ttil he has attained distinction, I cannot give him the 
assurance that any amount of proficiency in the Bio- 
logical Sciences will be convertible into, even the moat 
modest, bread and clieese. And I believe that the ease 
bad, or perhaps worse, witli other branches of 
s. In this respect Britain, whose immense wealth 
and prosperity hang upon the thread of Applied Science, 
is far behind France, and infinitely behind Germany. 

And the worst of it is, that it is very difficult to 
see one's way to any immediate remedy for this state 
of affairs which shall be free from a tendency to become 
woree than the disease. 

Great schemes for the Endowment of Kcscarch have 
been proposed. It lias been suggested, that Laboratories 
for all branches of Physical Science, provided with 
every apparatus needed by the investigator, shall be es- 
tablished by the State ; and shall be accessible, under 
due conditions and regulations, to all properly qualified 

WDfi. I see no objection to the principle of such 
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I proposal. If it be legitimate to spend great Boma of 
money on public Libraries and public eollectiona of 
Painting and Seulptnre, in aid of tbe man of letters, or 

^the Artist, or for the mere sake of affording pleasnre 
to the general public, I apprehend that it cannot be 
illegitimate to do aa mnch for tbe promotion of scien- 
tific investigation. To take the lowest ground aa a 
mere investment of money, tbe latter is likely to be 
much more immediately profitable. To my mind, the 
difficulty in the way of such schemes is not theoretical, 
but practical. Given the laboratories, how are the in- 
vestigators to be maintained) What career is open to 
those who have been thus encouraged to leave bread- 
winning pursuits i If they are to be provided for by en- 
dowment, we come back to the College FellowBbip sys- 
tem, the results of which, for Literature, have not been 
BO brilliant that one would wish to see it extended to 
Science ; unless some much better securities, than at pres- 
ent exist, can be taken that it will foster real work. Ton 
know that among the Bcea, it depends on the kind of 
cell in which the egg is deposited, and tbe quantity 
and quality of food which ia supplied to the gmb, 
whether it shall turn out a busy little worker or a big 
idle queen. And, in the liuman hive, the cells of the 
endowed larvEB ar'e always tending to enlarge, and their 
food to improve, until we get queens, beautiful to he- 
ld, but which gather no honey and build no comb. 
[ do not say that these difflcultiea may not be over- 
their gravity is not to be 
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^^^pi the meEQwhile, there is one Btep in the direction 

of the endowment of research which is free from sneh 
objections. It is possible to place the Bcientiiic inquirer 
iu a position in which he shall have ample leisure and 
opportunity for original work, and yet shall give a fair 
and tangible equivalent for those privileges. The estab- 
lishment of a Faculty of Science in every University, 
implies that of a corresponding nnmber of Professorial 
chaiiB, the incumbents of which need not be so burdened 
with teaching as to deprive them of amjjle leisure for 
original work. I do not think that it is any impedi- 
ment to an original investigator to have to devote a 
moderate portion of his time to lecturing, or superin- 
tending practical instruction. On the contrary, I think 
it may be, and often is, a benefit to be obliged to take 
a comprehensive survey of your sabject; or to bring 
yonr results to a point, and give them, as it were, a 
tangible objective existence. The besetting sins of the 
investigator are two : the one is the desire to put aside 
a subject, the general bearings of which he has mastered 
himself, and pass on to something which has the at- 
traction of novelty; and the other, the desire for too 
much perfection, which leads him to 



t^pen 



" Add and altor many times. 
Til] all be ripe and rotten ; " 



» spend the energies which should be reserved for ac- 
tion, in whitening the decks and polishing the guns. 
The obligation to produce results for the instruction 
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of others, Eeeins to me to be s more efiectnal check oa 
these tendencies, than even the love of nBefalneBB or the 
ambition for fame. 

But BUppoeing the Professorial forces of our Unirer- 
eity to be duly organised, there remains an important 
question, relating to the teaching power, to be considered. 
Is the Professorial system — the system, I mean, of teach- 
ing in the lecture-room alone, and leaving the student 
to find his own way when he is outside the lecture- 
room— adecjute to the wants of learners ? In answering 
this question, I confine myself to my own province, and 
I venture to reply for Physical Science, assuredly and 
undoubtedly, No, As I have already intimated, prac- 
tical work in the Laboratory is absolutely indispensable, 
and that practical work must be guided apd superin- 
tended by a sufficient staff of Demonstrators, who are 
for Science what Tutors are for other branches of study. 
And there must bo a good supply of such Demonstra- 
tors. I doubt if the practical work of more than twen- 
ty students can be properly superintended by one Dran- 
onstrator. If we take the working day at six hours, 
that is less than twenty minutes apiece — not a very 
large allowance of time for helping a dull man, for 
correcting an inaccnrate one, or even for making an 
intelligent stndcnt clearly apprehend what he is about. 
And, no doubt, the sopplying of a proper amount of 
this tutorial, practical teaching, is a difficulty in the way 
of giving proper instruction in Physical Science in snch 
Universities aa that of Aberdeen, which aro devoid of 
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endowmeiits ; and, unlike the English Universities, have 
no moral claim oq tlie funds of richly endowed bodies 
to supply their wants. 

Examination — thorough, eeareliing examination — is an j 
indispensable accompaniment of teaching ; but I am al- 
most inclined to commit myself to the very heterodox 
proposition that it is a necessary evil. I am a very old 
Examiner, having, for some twenty years past, been oc- 
cupied with examinations on a considerable scale, of all 
Borte and conditions of men, and women too, — from the 
boys and girls of elementary schools to the candidates 
for Honours and Fellowships in the Universities. I will 
not say that, in this case as in so many others, the ad- 
age, that familiarity breeds contempt, holds good ; but 
my admiration for the existing system of examination 
and its products, does not wax warmer as I see more of 
it. Examination, like fire, is a good servant, but a bad 
maater; and there seems to me to be some danger of 
its becoming our master. I by no means stand alone in 
this opinion. Experienced friends of mine do not hesi- 
tate to say that students whose career they watch, ap- 
pear to them to become deteriorated by the constant 
efiort to pass this or that examination, just as we hear 
of men's brains becoming affected by the daily necessity 
of catching a train. They work to pass, not to know ; 
and outraged Science takes her revenge. They do pass, 
and they don't know. I have passed sundry examina- 
tiona in my time, not without credit, and I confess I 
am ashamed to think how very little real knowledge 
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underlay tlie torrent of stiifE whicli I was able to ponr 
oat on paper. In fact, that which examiuatioD, as ot- 
dinarily condocted, testa, is eiinply a man's power of 
work ntider Btimulus, and hia capacity for rapidly and 
clearly producing that which, for the time, ha has got 
into hia mind. Now, theBo faculties are by no meana 
to be despised. They are of great value in practical 
life, and are the making of many an advocate, and of 
many a Bo-ca11ed statesman. But in the pm^uit of truth, 
scientific or other, they count for very little, tmloss they 
are supplemented by that long-continued, patient "in- 
tending of the mind," as Newton phrased it, which 
makes very little show in Examinations. I imagine 
that an Examiner who knows lus students personally, 
must not nnfreqnently have found himself in the posi- 
tion of finding A's paper better than E's, thoogh his 
own judgment tells him, quite clearly, that B is the maa 
who has the larger share of genuine capacity. 

Again, there la a fallacy about Examiners. It is 
commonly supposed that any one who knows a subject 
is competent to teach it ; and no one seems to doubt 
that any one who knows a subject is competent to ex- 
amine in it. I believe both these opinions to be seri- 
ous mistakes : the latter, perhaps, the more serious of 
the two. In the first place, I do not believe that any 
one who is not, or has not been, a teacher is really 
qualified to examine advanced students. And in the 
second place, Examination is an Art, and a difficult one, 
which has to be learned like all other arts. 
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always set too difBcult questioDB — partly 
becauBe they are afraid of being Buspected of igno- 
rance if tliey set easy ones, and partly from not nnder- 
Btanding their business. Suppose that yon want to 
teBt the relative physical strength of a score of young 
men. Ton do not pnt a hundredweight down before 
them, and tell each to swing it round. If you do, 
half of them won't be able to lift it at all, and only 
one or two will be able to perform the task. Ton 
must give them half a hundredweight, and Bee how 
they manceuvre that, if yoa want to form any esti- 
mate of the muscular strength of each. So, a prac- 
tised Examiner will seek for information respecting the 
mental vigour and training of candidates from the way 
in which they deal with questions easy enough to let . 
reason, memory, and method have free play. 

No doubt, a great deal is to be done by the care- 
selection of Examiners, and by the copious intro- J 
iction of practical work, to remove the evils insepa- J 
rahle from examination ; but, under the best of circum- I 
stances, I beheve that examination will remain but an I 
imperfect teat of knowledge, and a still more imperfect 
test of capacity, while it tells next to nothing about a 
man's power as an investigator. 

There is much to be said in favour of restricting 
the highest degrees in each Faculty, to those who have 
shown evidence of such original power, by prosecuting 
a research under the eye of the Professor in whose 

ivince it lies ; or, at any rate, under'conditions which 
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. afEord satisfactory proof that the work is theirs. 
The notion may sound revolutionary, but it is reaJly 
very old ; for, I take it, that it lies at the bottom of 
that presentation of a thesia by the candidate for a doc- 
torate, which has now, too often, become little better 
than a matter of form. 



I Thus far, I have endeavoured to lay before yon, in 
a too brief and imperfect manner, my views respecting 
the teaching half — the Magistri and Kegontes — of the 
University of the Future. Now let me turn to the 
learning half — the Seholaree. 

If the Universities are to be the sanctuaries of the 
highest culture of the country, those who would enter 
that sanctuary, must not come with unwashed hands. 
If the good seed is to yield its hundredfold harvest, it 
must not be scattered amidst the stones of ignorance, 
or the tares of nudisciplined indolence and wantonness. 
On the contrary, the soil must have been carefully pre- 
paredj and the Professor should find that the opera- 
tions of clod-crushing, draining, and weeding, and even 
a good deal of planting, have been done by the School- 
master. 

That is exactly what the Professor docs not find in 
any University in the three Kingdoms that I can hear 
of — tho reason of which state of things lies in the 
extremely faulty organisation of the majority of sec- 
ondary Schools. Students come to the Universities ill- 
epured in classics and mathematics, not at all pre- 
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pared in anything else ; and half tlieir time is spent in 
learning that which thej ought to have known when 
they came. 

I Bometimes hear it said that the Scottish Universi- 
ties differ from the English, in being to a mnch greater 
extent places of comparatively elementary education for 
a younger class of students. But it would eeem doubt- 
ful if any great difference of this kind reaUy exists; 
for a high authority, himself Head of an EngHsh Col- 
lege, has solemnly affirmed that ; " Elementary teaching 
of youths under twenty is now the only function per- 
formed by the University;" and that Colleges are 
" boarding schools in which the elements of the learned 
languages are taught to youth." * 

This is not the first time that I have quoted those 
remarkable assertions. I should like to engrave them 
in pubhe view, for they have not been refuted ; and 
I am convinced that if their import is once clearly 
apprehended, they will play no mean part when the 
question of University reorganisation, with a view to 
practical meafiurcs, comes on for diBCussion. You are 
not responsible for this anomalous state of affairs now; 
but, as you pass into active life and acquire the polit- 
ical influence to which your education and your posi- 
tion should entitle you, you will become responsible for 
it, unless each in his sphere does his boat to alter it, 
by insisting on the improvement of secondary Schools. 

• " Suggeationa for Acttdemicftl Orgatiiaatioii, with BBpeoial Referenoa 
Id Oxford." My Ihc Bector of Lincob. 
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^f Your preeent responBibility is of anoUier, tlioogh 

not lees BerlooB, kind. InetitatioDB do not make men, 
any more tban organisation makes life ; and even the 
ideal UniverBity we have been dreaming abont will be 
but a superior piece of mecbanism, unless each student 
strive after the ideal of the Scholar. And that ideal, 
it seems to me, has never been better embodied than 
by the great Poet, who, though lapped in luxury, the 
favourite of a Court, and the idol of his countrymen, 
remained tbrougb all the length of his honoured yeaxa 
a Scholar in Art, in Science, and in Life. 



I 



" Wonld'st shape a noble life ! Then cast 
No backward glances towards tho past: 
And though aomevrhat be lost and gone, 
Yet do tbou act as one new-bom. 
What eooh da; needa, that ahalt thou ask ; 
Each iaj will set its proper tusk. 
Give other's work just share of prtuse ; 
Not of thine own tlie raerita raise. 
Beware no fellow man thon hat«: 
And BO in God's handa leave thy fate." * 



* QoHtie, Zahme Xaiien, Vlerte Ahthdlur^. I should be glad to take 
credit for the close and vigoroos English Tersion ; but it is mj wife's, nA. 
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Aht csaodid observer of the phenomena of modem 
society will readily admit that bores muet be claesed 
among the enemies of the human race ; and a little 
coneideration will probably lead him to the further ad- 
mission, that no species of that extensive genus of nox- 
ious creatures is more objectionable than the educational 
bore. Convinced as I am of the truth of this great 
social generatisation, it Ib not without a certain trepi- 
dation that I venture to address you on an educational 
topic. For, in the course of the last ten years, to go 
back no farther, I am afraid to say bow often I have 
ventured to speak of education, from that given in the 
primary schools to that which is to be liad in the uni- 
versities and medical colleges ; indeed, the only part of 
this wide region into which, as yet, I have not advent- 
ured is that into which I propose to intrude to-day. 

Thus, I cannot but be aware that I am dangeronsly 
near becoming the thing which all men fear and fly. 
But I have deliberately elected to run the risk. For 
when you did me the honour to ask me to address 

, an unexpected circumstance had led me to occupy 
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myself Beriously with tlie question of technical educa- 
tion ; and I had acquired the conviction that there are 
few snbjects respecting which it is more important for 
all classes of the community to have dear and just 
ideas than this; while, certainly, there is none which 
is more deaerving of attention by the Worldng Men's 
Club and Institute Union. 

It is not for me to express an opinion whether the 
considerations, which I am about to submit to yon, wiH 
be proved by experience to be just or not ; but I will 
do mj beet to make them clear. Among the many 
good things to be found in Lord Bacon's works, none 
is more full of wisdom than the Baying that "truth 
more easily comes out of error than out of confusion." 
Clear and consecutive wrong-thinking is the next best 
thing to right-thinking; so that, if I succeed in clean- 
ing your ideas on this topic, I shall have wasted neither 
your time nor my own. 

" Technical education," in the sense iu which the 
term is ordinarily used, and in which I am now em- 
ploying it, means that sort of education which is spe- 
cially adapted to the needs of men whose business in 
life it is to pursue some kind of handicraft; it is, in 
fact, a fine Greco-Latin equivalent for what in good 
Temacular English would be called " tlie teaching of 
■handicrafts." And probably, at this stage of our prog- 
ress, it may occur to many of yon to think of the 
story of the cobbler and his last, and to say to your- 
selves, though you will be too polite to put the question 
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openly to me, What does the speaker know practically 
about this matter! What is his handicraft? I think 
the question is a very proper one, and unless I wero 
prepared to answer it, I hope satisfactorily, I should 
have chosen some other themo. 

The fact is, I am, and have been, any time these 
thirty years, a man who works with his hands — a handi- 
craftsman, I do not say this in the broadly metaphor- 
ical sense in which fine gentlemen, with all the delicacy 
of Agag about them, trip to the hnstings about elec- 
tion time, and protest that they too are working men. 
I really mean my words to be taken in their direct, 
literal, and straightforward sense. In fact, if the most 
nimble-fingered watchmaker among you will come to 
my workshop, he may set me to put a watch together, 
and I will set him to dissect, say, a blackbeetle's nerves. 
I do not wish to vaunt, but I am inclined to think that 
I shall manage my job to his satisfaction sooner than 
he will do hia piece of work to mine. 

In truth, anatomy, which is my handicraft, is one 
of the most difficult kinds of mechanical labour, in- 
volving, as it does, not only lightness and dexterity of 
hand, but sharp eyes and endless patience. And you 
must not suppose that my particular branch of science 
ia especially distinguished for the demand it makes upon 
skill in manipulation, A similar requirement is made 
upon all students of physical science. The astronomer, 
the electrician, the cheraiet, the mineralogist, the bot- 
EButj are constantly called upon to perform manual 
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operationB of exceeding delicacy. The progress of all 
branches of physical science depends upon observatii 
or on that artificial observation which is termed experi- 
ment, of one kind or another; and, the farther we ad- 
vance, the more practical difficulties fiurronnd tbe inves- 
' tigation of the conditions of the problems ofiered to 
ns; 80 that mobile and yet steady hands, guided by 
clear vision, are more and more in reqnest in tbe work- 
shops of science. 

Indeed, it has stmck me that one of the grounds 
of that sympathy between the handicraftsmen of this 
country and the men of science, by which it has so 
often been my good fortune to profit, may, perhaps, 
lie here. You feel and we feel that, among the eo- 
called learned folks, we alone are brought into contact 
with tangible facts in the way that you are. Too know 
well enough that it is one thing to write a history of 
chairs in general, or to address a poem to a throne, or 
to speculate about tho occult powers of the chair of 
St. Peter ; and quite another thing to make with your 
own hands a veritable chair, that will stand fair and 
square, and afford a safe and satisfactory resting-place 
to a frame of sensitiveneBs and solidity. 

So it is with us, when we look out from our scien- 
I tifie handicrafts upon the doings of oar learned brethren, 
Lwhose work is untrammelled by anything " base and 
f mechanical," as handicrafts used to be called when the 
i was younger, and, in some respects, less wise than 
We take the greatest interest in their pnrsuitai 
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we are edified by tlieir hietories and aro charmed with 
their poems, which Bometimes illnstrate bo remarkably 
the powers of man's imagination ; some of ns admire 
and even humbly try to follow them in their tigli philo- 
sophical excursions, though we know the risk of being 
snubbed by the inquiry whether grovelling dissectors 
of monkeys and blackbeetlea can hope to enter into the 
empyreal kingdom of speculation. But still we feel that 
our business is different ; Jmmbler if you will, though the 
diminution of dignity is, perhaps, compensated by the 
increase of reality ; and that we, like you, have to get 
our work done in a n^on where little avails, if the 
power of deaHng with practical tangible facts is want- 
ing. You know that clever talk touching joinery will 
not make a chair; and I know that it is of about as 
much value in the physical sciences. Mother Nature is 
serenely obdurate to honeyed words ; only those who 
understand the ways of things, and can silently and 
^^#ectuaily handle them, get any good out of her. 

^^B And now, having, as I hope, justified my assumption 
^^ra a place among handicraftsmen, and put myself right 
with you as to my qualification, from practical knowl- 
edge, to speak about technical education, I will proceed 
to lay before you the results of my experience as a 
teacher of a handicraft, and tell you what sort of edu- 
cation I should think beet adapted for a hoy whom one 
wanted to make a professional anatomist. 

I should say, in the first place, let him have a good 
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English elementary education. I do not mean that he 
shall be able to pass in Buch and encli a standard — that 
may or may not bo an equivalent espreseion — but that 
his teacbing shall have been such as to have given him 
command of the common implements of learning and to 
have created a desire for tbo thiugB of tho understanding. 
Purtber, I sbould hke him to know the elements of 
pbyaical seience, and especially of physics and chemistry, 
and I should take care that this elementary knowledge 
yres real. I should like my aspirant to be able to read a 
Scientific treatise in Latin, French, or German, because 
an enormous amount of anatomical knowledge is locked 
up in those languages. And especially, I should require 
ability to draw— I do not mean artistically, for 
that is a gift which may be cultivated but cannot be 
led, but with fair accuracy, I will not say that 
everybody can learn even this ; for the negative devel- 
opment of the faculty of drawing in some people is 
almost miraculous. Still everybody, or almost every- 
body, can learn to write ; and, as writing is a kind of 
drawing, I suppose that the majority of the people who 
6ay they cannot draw, and give copious evidence of the 
iuracy of their assertion, could draw, after a fashion, 
tbey tried. And that "after a fashion" would be 
itter than notliiug for my purposes. 
Above all things, let my imaginary pupil have pre- 
■ed the freshness and vigour of youth in his mind as 
ill as his body. The educational abomination of deso- 
^on of the present day is the stimulation of yoimg 
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iple to work at high preBsare by incessajit competitive 
BiaminationB, Some wise man (who probably was not 
an early riser) has said of early risers in general, that 
they are conceited all the forenoon and stupid aR the 
afternoon. Now whether this is true of early risers in 
the common acceptation of the word or not, I will not 
pretend to say ; but it is too often true of the unhappy 
children who are forced to rise too early in their classes. 
They are conceited all the forenoon of life, and stupid 
all its afternoon. The vigour and fi-eshness, which 
should have been stored up for the purposes of the hard 
straggle for existence in practical life, have been washed 
out of them by precocious mental debauchery — by book 
gluttony and lesson bibbing. Their faculties are worn 
out by the strain put upon their callow brains, and they 
are demoralised by worthless childish triumphs before 
the real work of life begins. I have no compassion for 
sloth, but youth has more need for intellectual rest than 
age ; and the cheerfnlnees, the tenacity of purpose, the 
power of work which make many a successful man what 
he is, must ofteu be placed to the credit, not of his hours 
of industry, but to that of his hours of idleness, in boy- 
hood. Even the hardest worker of ua all, if he has to 
deal with anything above mere details, will do well, now 
and again, to let his brain lie fallow for a space. The 
next crop of thought will certainly be all the fuller in 
the ear and tlie weeds fewer. 

This is the sort of education which I should like any 
e who was going to deyote himself to my handicraft 
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Pto undergo. As to knowing anything about anatomj 
self, on the whole I would rather he left that alone 
[ he took it np seriously in my laboratory. It is 

' hard work enough to teach, and I should not like to 
have snperadded to that the possible need of nnteach- 
ing. 

L Well, but, yoa will eay, this is Hamlet with the 

I Prince of Denmark left out ; your " technical educa- 
tion" is simply a good education, with more attention to 
physical science, to drawing, and to modem languages, 
than is common, and there is nothing specially technical 

Labout it, 

I Exactly so ; that remark takes us straight to the 

' heart of what I have to say ; which is, that, in my judg- 
ment, the preparatory education of the handicraftsman 
ought to have nothing of what is ordinarily onderetood 

Lby "technical" about it. 

I The workshop is the only real school for a handicraft. 

■ The education which precedes that of the workshop 
should be entirely devoted to the strengthening of the 
body, the elevation of the moral faculties, and the culti- 
vation of the intelligence ; and, especially, to the im- 
buing the mind with a broad and clear view of the laws 
of that natural world with the components of which the 
handicraftsman will have to deal. And, the earlier the 
period of life at which the handicraftsman has to enter 
actual practice of his craft, the more important is it 
lat he should devote the precious hours of preliminary 
^acation to things of the mind, which have no direct 
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and immediate bearing on his branch of industry, 
the; lie at the foundatjon of all realities. 

Now let me apply the lessons I have learned from 
my handicraft to yours. If any of you were obliged 
to take an apprentice, I snppoee yon wonld like to get a 
good healthy lad, ready and willing to learn, handy, and 
with his fingers not all thumbs, as the saying goes. You 
would like that he should read, write, and cipher well; 
and, if you were an intelligent master, and your trade in- 
volved the application of scientific principles, as bo many 
trades do, you would Uko him to know enough of the 
elementary principles of science to understand what was 
going on, I suppose that, in nine trades out of ten, it 
would be usefid if he could draw ; and many of yon 
must have lamented your inability to find out for yonr- 
Belcee what foreigners are doing or have done. So that 
some knowledge of French and German might, in many 
cases, be very desirable. 

So it appears to me that what you want is pretty 
much what I want ; and the practical question is, How 
yon are to get what you need, under the actual limita- 
tions and conditions of life of handicraftsmen in this 
country? 

I tlunk I shall have the assent both of the employ- 
era of labour and of the employed aa to one of these 
limitations; which is, that no scheme of technical edu- 
cation is likely to be seriously entertained wliich will 
delay the entrance of boya into working life, or prevent 
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them from contributing towards their own support, as 
early as they do at present. Not only do I believe that 
any such scheme could not be carried out, bat I doabt 
its desirableness, even if it were practicable. 

The period between childhood and manhood is full 
of difficulties and dangers, nader the most favourable cir- 
cumBtauces ; and, even among the well-to-do, who can 
afford to Burronnd their children witli the most favour- 
able conditions, examples of a career rained, before it 
has weU begnn, are bat too frequent. Moreover, those 
who have to live by labour must be shaped to labour 
early. The colt that is left at grass too long makes bnt a 
Borry draught-horse, though his way of life does not bring 
him within the reach of artiUcial temptations. Perhaps 
the most valuable result of all education is the ability 
to make yourself do the thing you have to do, wh^i 
it ought to be done, whether you like it or not ; it ia 
the first lesson that ought to be learned ; and, however 
early a man's training begins, it is probably the last 
lesson that he learns thoroughly. 

There is another reason, to which I have already ad- 
verted, and which I would reiterate, why any extension 
of the time devoted to ordinary school-work is unde- 
sirable. In the newly awakened zeal for education, we 
run some risk of forgetting the truth that while undei^ 
instmction is a bad thing, over-instruction may possibly 
be a worse. 

Success in any kind of practical life is not depend* 
est Bolely, or indeed chiefly, upon knowledge. Bren 
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in the learaed professions, knowledge, alone, is of less 
coiiBeqnence than people are apt to suppoBe, And, if 
mnch expenditure of bodily energy is involved in the 
day's work, mere knowledge is of still less importance 
when weighed against the probable cost of ite acquire- 
ment. To do a fair day's work with his hands, a man 
needs, above all things, health, strength, and the patience 
and cheerfolness which, if they do not always accompany 
these blueings, can hardly in the nature of things exist 
withont them ; to which we most add honesty of pur- 
pose and a pride in doing what is done well. 

A good handicraftsman can get on very well with- 
ont genius, but he will fare badly without a reasonable 
Bhare of that which is a more useful possession for work- 
aday life, namely, mother-wit ; and he will be all the 
better for a real knowledge, however limited, of the 
ordinaiy laws of nature, and especially of those which 
apply to his own business. 

Instruction carried so far as to help the scholar to 
turn his store of mother-wit to account, to acquire a fair 
amount of souDd elementary knowledge, and to use his 
hands and eyes ; while leaving him fresh, vigorous, and 
with a sense of the dignity of his own calhng, whatever 
it may be, if fairly and honestly pursued, cannot fail to 
be of invaluable service to all those who come under its 
influence. 

But, on the other hand, if school instruction is carried 
BO far as to encourage bookishness; if the ambition of 
the scholar is directed, not to the gaining of knowledge, 
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but to the being able to pass examinationB BneceBfifuUy; 
especially if encoaragemeDt is given to the mischievoiiB 
delusion that brainwork is, m itself, and apart from ite 
quality, a nobler or more respectable thing than handi- 
work — each education may be a deadly mischief to the' 
workman, and lead to the rapid ruin of tho industries 
it is intended to serve. 

I know that 1 am expressing the opinion of some 
of the largest as well as the most enlightened employ- 
ers of labour, when I say that there is a real danger 
that, from the extreme of no education, wo may run 
to the other extreme of over-edacation of handicrafte- 
raen. And I apprehend that what is true for the ordi- 
nary hand-worker is true for tlie foreman. Activity, 
probity, knowledge of men, ready mother-wit, supple- 
mented by a good knowledge of the general principles 
involved in his business, are the making of a good 
foreman. If he possess these qualities, no amount of 
learning will fit him better for his position ; while 
the course of life and the habit of mind required for 
the attainment of such learning may, in various direct 
and indirect ways, act as direct disqualifications for it. 

Keeping in mind, then, that the two things to be 
avoided are, the delay of the entrance of boys into 
practical life, and the substitution of exhausted, book- 
worms for shrewd, handy men, in our works and fac- 
tories, let us consider what may be wisely and safely 
attempted in the way of improving the education of 
the handicraftsman. 
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Piist, I look to the elementaiy schools now happily 
establiBhed all over the oountry. I am not gomg to 
criticiae or find fault with them ; on the contrary, their 
establishment seema to me to be the most important 
aod the moat beneficial result of the corporate action 
of the people in our day. A great deal ia aaid of 
British interests just now, but, depend upon it, that 
no Eastern difficulty needa our intervention aa a nation 
so seriously, as the putting down both the Bashi-Ba- 
zouka of ignorance and the Cossacks of sectarianism 
at home. "What has already been achieved in these 
directions is a great thing; you must have lived some 
time to know how great. An education, better in its 
processes, better in its aubstance, than that which was 
accessible to the great majority of well-to-do Britons 
a quarter of a century ago, is now obtainable by every 
child in the land. Let any man of my age go into 
an ordinary elementary school, and, unless he was un- 
usually fortunate in his youth, he will tell you that 
the educational method, the intelligence, patience, and 
good temper on the teacher's part, which are now at 
the disposal of the veriest waifs and wastrels of society, 
are things o£ which he had no experience in those 
costly middle-class schools, which were so ingeniously 
contrived aa to combine all the evils and shortcomings 
of the great public schools with none of their advan- 
tages. Many a man, whose ao-called edncation cost a 
good deal of valuable money and occupied many a year 

invaluable time, leaves the inspection of a well- 
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erdered elementary eohool deTontlj wiEhing that, in hie 
yoang days, he had had the chance of being aa well 
taught as those boys and girls arc. 

But while, in view of such an advance in general 
education, I willingly obey the natural impulse to be 
thankful, I am not willing altogether to rest. I want 
to see instmetion in elementary science and in art more 
thoroughly incorporated in the educational Byetem. At 
present, it is being adminifitered by driblets, as if it 
were a potent medicine, "a few drops to be taken 
oceasionally in a teaspoon." Every year I notice that 
that earnest and untiring friend of youre and of mine, 
Sir John Lubboet, stirs up the Government of the 
day in the House of Commons on this subject; and 
also that, every year, he, and the few members of the 
House of Commons, ench as Mr, Pkyfair, who sympar 
thise with him, are met with cxpressione of warm 
admiration for science in general, and reasons at large 
for doing nothing in particular. But now that Mr. 
Forster, to whom the education of the country owes bo 
much, has announced his conversion to the right faith, 
I begin to hope that, sooner or later, things will mend. 

I have given what I believe to be a good reason for 
the assumption, that the keeping at school of boys, 
,who are to be handicraftsmen, beyond the age of thirteen 
ior fourteen is neither practicable nor desirable; and, 
Bfl it is quite certain, that, with justice to other and 
no less important branches of education, nothing more 
than the rudiments of science and art teaching can bo 
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^Qratnidaced into eletnentarj ecbools, we luaBt seek else- 
where for a Bnpplementary training in these Babjects, 
and, if need be, in foreign langaages, which may go 
on after the workman's life has begun. 

The means of acqairing the scientific and artistic 
part of thia training already exists in full working order, 
in the first place, in the claesea of the Science and Art 
Department, which are, for the most part, held in the 
evening, so as to be accessible to all who choose to 
avail themselves of them after working hours. The 
great advantage of these dasses is that they bring the 
means of inetmction to the doors of the factories and 
worksbopB; that they are no artificial creations, but 
by their very existence prove the deeire of the people 
for them ; and finally, that they admit of indefinite 
development in proportion as they are wanted. I have 
often expressed the opinion, and I repeat it here, that, 
during the eighteen years they have been in existence, 
these classes have done incalculable good ; and I can say, 
of my own knowledge, that the Department spares no 
pains and trouble in trying to increase their osefulQesa 
and ensure the soundness of their work. 

No one knows better than my friend Colonel Don- 
nelly, to whose clear views and great administrative 
abilities bo much of the successfid working of the science 
classes is due, that there is much to be done before the 
system can be said to be tboronghly satisfactory. The 
instruction given needs to be made more systematic and 
Jly more practical; the teachers are of very i 
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equal excellence, and not a few stand much in need of 
inBtruction tliemselves, not onlj in tlie Bubjecta which 
they teach, but in the objects for which they teach. I 
daresay yon have heard of that proceeding, reprobated 
by all true sportsmen, which is called " shooting for the 
pot." Well, there ia each a thing as " teaching for the 
pot " — teaching, that is, not that yonr scholar may know, 
but that he may count for payment among those who 
pass the examination ; and there are some teachers, hap- 
pily not many, who have yet to learn that the examiners 
of the Department regard them as poachers of the worst 
description. 

Without presuming in any way to speak in the name 
of the Department, I think I may say, as a matter which 
has come under my own observation, that it is doing its 
best to meet all these difficulties. It systematically pro- 
motes practical instruction in the classes ; it affords 
facilities to teachers who desire to learn their business 
thoroughly ; and it is always ready to aid in the suppres- 
sion of pot-teaching. 

All this is, as you may imagine, higlily satisfactory 
to me. I see that spread of scientific education, about 
which I have so often permitted myself to worry the 
public, become, for all practical purposes, an accom- 
plished fact. Grateful as I am for all that is now being 
done, in the same direction, in onr higher schools and 
universities, I have ceased to have any anxiety about the 
wealthier classes. Scientific knowledge is spreading by 
; mbBl the alchemists called a " distillatio per ascensam ; " 
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and nothing now can prevent it from continuing to distil 
upwards ' and permeate English society, until, in the 

remote future, there shall he no member of the legis- 
lature who does not know as much of science as an 
elementary school-boy ; and even tho heads of houses in 
our venerable seats of learning shall acknowledge that 
natural science is not merely a sort of University back- 
door through which inferior men may get at their de- 
grees. Perhaps this apocalyptic vision ia a littlo wild ; 
and I feel I ought to ask pardon for an outbreak of 
enthusiasm, which, I assure you, is not my commonest 
failing, 

I have said that the Government ia already doing 
a great deal in aid of that kind of technical education for 
handicraftsmen which, to my mind, is alone worth seek- 
ing. Perhaps it is doing as much as it ought to do, even 
in this direction. Certainly there is another kind of help 
of the most important character, for which we may look 
elsewhere than to the Government. The great mass of 
mankind have neither the liking, nor the aptitude, for 
either literary, or scientific, or artistic pursuits; nor, 
indeed, for excellence of any sort. Their ambition ia to 
go through life with moderate exertion and a fair share 
of ease, doing common things in a common way. And a 
great blessing and comfort it is that the majority of men 
are of this mind ; for the majority of things to be done 
are common things, and are quite well enough done 
when commonly done. The great end of life is not 
^owledge bat action. What men need is, as much 
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xowledgc as they can asBimilate and organiee into a 
1 for action ; give them more and it may become 
injurioiia. One knows people who are as heavy and 
stupid from undigested learning aa others are from over- 
fulness of meat and drink.' But a small percentage of 
the population is bom with that most excellent quality, a 
desire for excellence, or with special aptitudes of some 
sort or another ; Mr. Gallon tells us that not more than 
one in four thousand may be expected to attain distinc- 
tion, and not more than one in a milHon some share of 
that intensity of instinctive aptitude, that'burning thirst 
for excellence, which is called genius. 

Now, the most important object of all educational 
schemes is to catch these exceptional people, and turn 
them to account for the good of society. No man can 
say where they will crop up ; like their opposites, the 
foola and knaves, they appear sometimes in the palace, 
and sometimes in the hovel ; but the great thing to be 
aimed at, I was almost going to say the most important 
' i' end of all social arrangements, is to beep these glorioua 
I sports of Nature from being either corrupted by loxary 
or starved by poverty, and to put them into the position 
in which they can do the work for which they are spe- 
cially fitted. 

Thus, if a lad in an elementary school showed ragns 
of special capacity, I would try to provide him with the 
means of continuing his education after his daily work- 
ing life had begun ; if, in the evening classes, he devel- 
oped special capabilities in the direction of science or of 
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drawing, I would try to secure him an apprentieeBhip to 
Bome trade in which those powers would have applica- 
bility. Or, if he chose to become a teacher, he should 
have the chance of so doing. Finally, to the lad of 
geniiu, the one in a millioD, I would make aeccBsible the 
highest and most complete training the country could 
afford. Whatever that might cost, depend upon it the 
investment would be a good one. I weigh my words 
when I say that if the nation could purchase a potential 
Watt, or Davy, or Faraday, at the cost of a hundred 
thousand pounds down, he would be dirt-cheap at the 
money. It is a mere commonplace and everyday piece 
of knowledge, that what these three meu did has pro- 
duced untold millions of wealth, in the narrowest eco- 
nomical sense of the word. 

Therefore, as the sum and crown of what is to be 
done for technical education, I look to the provision of 
a machinery for winnowing out the capacities and giving 
thera scope. "When I was a member of the Loudon 
School Board, I said, in the course of a speech, that our 
business was to provide a ladder, reaching from the 
gutter to the university, along which every child in the 
three kingdoms should have the chance of climbing as far 
as he was fit to go. This phrase was so much bandied 
about at the time, that, to say truth, I am rather tired 
of it ; but I know of no other which so fully expresses 
my belief, not only about education in general, but about 
technical education in particular. 
^^^Che ^sential foundation of aU the organisation 
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needed for the promotion of education among bandi- 
craftamen will, I believe, exist in tliia countrj, when 
every working lad can feel that society has done as mnch 
as lieB in its power to remove all needless and artilicial 
obstacles from his path ; that there is no barrier, except 
such as exists in the nature of things, between himself 
and whatever place in the social organisation he is fitted 
to fill ; and, more than this, that, if he has capacity and 
industry, a hand is held out to help him along any path 
which is wisely and honestly chosen. 

I have endeavoured to point out to you that a great 
deal of such an organisation already exists; and I am 
glad to be able to add that there is a good prospect that 
what is wanted will, before long, be supplemented. 

Those powerful and wealthy societies, the livery 
companies of the City of London, remembering that 
they aro the heirs and representatives of the trade guilds 
of the Middle Ages, are interesting themselves in the 
question. So far back as 1872 the Society of Arts 
organised a system of instruction in the technology of 
arte and manufactures, for persons actually employed in 
factories and workshops, who desired to extend and im- 
prove their knowledge of the theory and practice of 
their particular avocations ; * and a considerable subsidy, 
in aid of the efEorts of the Society, was liberally granted 
by the Clothworkers' Company. We have here the 

peful commencement of a rational organisation for the 

f *&eo tho "Programme" for tSTS, isSBed bj the Sodet; of Arts, 
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■omotion of excellenco among bandieraftemeu. Quite 
recently, other of the livery companies have determined 
npon giving their powerful, and, indeed, almost bound- 
less, aid to the improvement of the teaching of handi- 
crafts. They have already gone so far as to appoint a 
committee to act for them; and I betray no confidence 
in adding that, some time since, the committee sought 
the advice and assistance of several persons, myself 
among the number. 

Of course I cannot tell you v^hat may be the result 
of the deliberations of the committee ; but we may all 
fairly hope that, before long, steps which will have a 
weighty and a lasting influence on the growth and 
spread of sound and thorough teaching among the handi- 
craftsmen * of this country will be taken by the lireiy 
companies of London, 

[This hope has been full; justified bj the establishment of the 
Cowper Street Schools, and that of the Central Institution of 
the City and Gnilda of London lastitate. Bepteaiber 1881,] 

* It is perhaps adviaablc to temsrk that the impartant quoBtisn of 
the profeeeioual education of managers of industiial worki ii not 
i in the foregoing Temarks. 




ON ELEMENTARY INSTEUCTION IS PHTSI- 
OLOGY. 

The chief ground upon which I venture to recom- 
mend that the teaching of elementary physiology should 
form an esaential purt of any organised course of in- 
Btraction in matters pertaining to domestic economy, is, 
that a knowledge of even the elements of this subject 
supplies those conceptions of tlis conetitution and mode 
of action of the living body, and of the nature of health 
and disease, which prepare the mind to receive instruc- 
tion from sanitary science. 

It is, I think, eminently desirable that the hygienist 
and the physician should find something in the public 
mind to which they can appeal ; some little stock of 
universally acknowledged truths, wliich may serve as a 
foundation for their warnings, and predispose towards 
an intelligent obedience to their recommendations. 

Listening to ordinary talk about health, disease, and 
death, one is often led to entertain a doubt whetlier tbe 
speakers believe that the course of natural causation 
runs as smoothly in the human body as elsewhere. In- 
dications are too often obvious of a strong, tliough per- 
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ips an unavowed and half nnconBeioiis, nndercnrrent 
of opinion that the phenomena of life are not only 
widely different, in their superficial characters and in 
their practical importance, from other natural events, 
bnt that they do not follow in that definite order which 
charaeteriaes the enccessiou of ail other occurrences, and 
the statement of which we call a law of nature. 

Hence, I think, arises the want of heartiness of be- 
lief in the valne of knowledge respecting the laws of 
health and disease, and of the foresight and care to 
which knowledge is the essential preliminary, which is 
80 often noticeable; and a corresponding laxity and 
carelessness in practice, the results of which are too fre- 
quently lamentable. 

It is said that among the many religious sects of 
Snssia, there is one which holds that all disease is brought 
about by tlie direct and special interference of the Deity, 
and which, therefore, looks with repugnance upon both 
preventive and curative meaem^s as alike blasphemous 
interferences with the will of God. Among ourselves, 
the "Peculiar People" are, I believe, the only persons 
who hold the like doctrine in its integrity, and carry it 
out with logical rigour. But many of us are old enough 
to recollect that the administration of chloroform in as- 
BUagement of the pangs of childbirth was, at its intro- 
duction, strenuously resisted upon similar grounds. 

I am not sure that the feeling, of which the doctrine 
to which I have referred is the fuU expression, does not 
lie at the bottpm of the minds of ^ gre^t many people 



^■ti 



96 ELEMENTARY HTSTRUOTION IN PHYSIOLOGY. 

who yet wonld vigorously object to give a verbal ae- 
sent to the doctrine itself. However this may be, the 
main point is that Eitfficicnt knowledge has now been 
acquired of vital phenomena, to justify the assertion, 
that the notion, that there is anything exceptional abont 
these phenomena, receives not a particle of support from 
any known fact. On the contrary, there is a vast and 
an increasing mass of evidence that birth and death, 
heaith and disease, are aa ranch parts of the ordinary 
stream of events as the rising and setting of the sun, 
or the changes of the moon ; and that the living body 
edianism, the proper working of which we term 
lealth ; its distnrbance, disease ; its stoppage, death. 
The activity of this mechanism is dependent npoa many 
and complicated conditions, some of which are hope- 
lessly beyond our control, while others are readily ac- 
ceBsible, and are capable of being indefinitely modified 
by our own actions. The bueinese of the hygieniat and 
of the physician is to know the range of these modifi- 
able conditions, and how to influence them towards the 
maintenance of health and the prolongation of life ; the 
business of the general public is to give an intelligent 
assent, and a ready obedience based upon that assent, to 
the rules" laid down for their guidance by such experts. 
But an intelligent assent is an assent based upon knowl- 
edge, and the knowledge which is here in question 
means an acquaintance with the elements of physiology. 
It is not difficult to acquire sueb knowledge. What 
true, to a certain extent, of all the physical sciences, 
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is eminently characteristic of physiology — the difficulty 
of the subject begioB beyond the stage of elementary 
knowledge, and increases with every stage of progress. 
While the most highly trained and the beat fumiahed 
intellect may find all its resource insufficient, when it 
etriyes to reach the heights and penetrate into the depths 
of the problems of physiology, the elementary and fun- 
damental truths can be made clear to a child. 

No one can have any difficulty in comprehending 
the mechanism of circulation or respiration ; or the gen- 
eral mode of operation of the organ of vision ; though 
the unravelling of aU the minutiaa of these processes, 
may, for the present, baffle the conjoined attacks of the 
most accomplislied physicists, chemists, and mathemar 
ticiaos. To know tho anatomy of the human body, 
with even an approximation to thoroughness, is the work 
of a life ; but as much as is needed for a sound com- 
prehension of elementary physiological truths, may be 
learned in a week. 

A knowledge of the elements of physiology ia not 
only easy of acquirement, but it may be made a real 
and practical acquaintance with the facts, as far as it 
goes. The subject of study is always at band, in one- 
self. The principal constituents of tlie skeleton, and 
the changes of form of contracting muscles, may be felt 
through one's own skin. The beating of one's heart, 
and its connection with the pulse, may he noted ; the 
influence of the valves of one's own veins may be 

iwn ; the movements of respiration may be observed ; 
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while the wonderful phenomena of sensation afford an 
endlees field for curiouB and intereBting eelf-Btudy. The 
prick of a needle will yield, in a drop of one's own 
blood, material for microBCopic observation of phenom- 
ena which lie at the foundation of all biological concep- 
tions; and a cold, with its concomitant conghing and 
sneezing, may prove the sweet uses of adversity by 
helping one to a clear conception of what is meant by 
"reflex action." 

Of course there is a limit to this phyBiological self- 
examination. But there is so close a solidarity between 
ourselves and our poor relatione of the animal world, 
that our inaccessible inward parts may be supplemented 
by theirs. A comparative anatomist knows that a sheep's 
heart and lungs, or eye, must not be confounded with 
those of a man ; but, so far as the comprehension of 
the elementary facts of the physiology of circulation, of 
respiration, and of vision goes, the one furnishes the 
needfnl anatomical data as well as the other. 

Thus, it is quite possible to give inetniotion in ele- 
mentary physiology in such a manner as, not only to 
confer knowledge, which, for the reason I have men- 
tioned, ia useful in itself ; but to serve the purposes of 
a trainiiig in accurate observation, and in the methods 
of reasoning of physical science. But that is an advan- 
tage which I mention only incidentally, as the present 

aference does not deal with education in the ordi- 

' sense of the word. 

It will not be suspected that I wish to make j 
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iologiflte of all tli© world. It would be as reasonable 
to accuse an advocate of the "three K's" of a deeire 
to make an orator, an author, and a mathematician of 
everybody. A stumbling reader, a pot-hook writer, and 
an arithmetician who has not got beyond the rule of 
three, is not a person of brilliant acquirements ; but the 
difference between such a member of society and one 
who can neither read, write, nor cipher is almost iues- 
pressible ; and no one now-a-days doubts the value of 
instruction, even if it goes no farther. 

The saying that a little knowledge is ft dangerouB 
thing 18, to my mind, a veiy dangerous adlige. If 
knowledge is real and genuine, I do not believe that it 
is other than a very valuable possession, howev.cr infini- 
tesimal its quantity may be. Indeed, if a little knowl- 
edge is dangerous, where is the man who lias so much 
as to be out of danger? 

If William Harvey's life-long labours had revealed to 
him a tenth part of that which may be made eound 
and real knowledge to our boys and girls, he would not 
only bavo been what he was, the greatest physiologist 
of his age, but he would have loomed upon the seven- 
■ teentit century as a sort of intellectual portent. Oar 
"little knowledge" would have been to him a great, 
astonnding, unlooked-for vision of scientific truth. 

I really see no harm which can come of giving our 
flhfldren a little knowledge of physiology. But tlien, 
as I have said, the instruction must' be real, based upon 
observation, eked out by good explanatory diagrams 
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purposes (tliongli you may do a good deal in that way 
for gain or for sport) without due liceoce of the Secre- 
tary of State for the Home Department, granted under 
the authority of tlie Vivisection Act. 

So it comes about, that, in this present year of grace 
1877, two persons may be cliarged with craelty to ani- 
mak. One has impaled a frog, and sufEered the creat- 
ure to writhe about iu that condition for hours ; the 
other has pained the animal no more than one of us 
would be pained by tying strings round his fingers, and 
keeping him in the position of a hydropathic patient. 
Tbe first offender says, " I did it because I find fishing 
very amnsing," and the magistrate bids him depart iu 
peace ; nay, probably wishes him good sport. The sec- 
ond pleads, " I wanted to impress a scientific truth, with 
a distinctnesB attainable in no other way, on the minds of 
my scholars," and the magistrate fines him five pounds. 
I cannot but think that this is an anomalous and 
^^t wholly creditable state of things. 




If the man to perpetuate whose memory we have 
this day raised a Btatue had been aeked on what part 
of his basy life's work he set the highest valne, he would 
undoubtedly have pointed to his voluminoufl contribn- 
■ tions to theology. In season and out of season, he was 
P the steadfast champion of that hypothesis respecting the 
Divine nature which is termed Unitarian ism by its 
friends and Socinianiem by its foes, Eegardlcsa of odds, 
he was ready to do battle with all comers in that caose; 

^and if no adversaries entered the lists, he would sally 
forth to seek them. 

To this, his highest ideal of duty, Joseph Priestley 
sacrificed the vulgar prizes of life, which, assuredly, were 
within easy react of a man of bis singular energy and 
varied abilities. For this object, he put aside, as of sec- 
ondary importance, those scientific investigations which 
he loved so wcJI, and in which he showed himself so 
competent to enlarge the boundaries of natural knowl- 
edge and to win fame. lu this cause, he not only cheer- 
iDy Buffered obloquy from the bigoted and the nnthink- 
;, and came within sight of martyrdom ; but bore with 
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'Hiat which is much harder to be borne than all these, the 
unfeigned astomshment and hardly disgniged contempt 
of a brilliant eociety, composed of men whose sympathy 
and esteem must have been most dear to him, and to 
whom it was aimply incomprehensible that a philoso- 
pher Bhould seriously occnpy himself with any form of 
Christianity. 

It appeara to me that the man who, setting before 
himself each an ideal of life, act«d np to it consistently, 
IB worthy of the deepest respect, whatever opinion may 
bo entertained as to the real valne of the tenets which 
he so zealously propagated and defended. 

But I am sure that I speak not only for myself, but 
for all this assemblage, when I say that our purpose 
to-day is to do hononr, not to Priestley, the Unitarian 
divine, but to Priestley, the fearless defender of rational 
freedom in thought and in action : to Priestley, the phil- 
osophic thinker ; to that Priestley who held a foremost 
place among " the swift ninners who hand over the lamp 
of life," * and transmit from one generation to another 
the fire kindled, in the childhood of the world, at the 

(Promethean altar of Science. 
k The main incidents of Priestley's life are so well 
kown that I need dwell upon them at no great length, 
h" Bom in 1733, at Fieldhead, near Leeds, and brought 
np among Calvinists of the straitest orthodoxy, the boy's 

• " Quaai ciiraorea, Tital Umpada tradunl." — Ldcb. He Ittmm ifiri. 
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pt riTrin g natural ability led to his being devoted to the 
profession of a miuister of religion; and, in 1753, he 
was sent to the Dissenting Academy at Daventry — an 
institution which aathority left nndietorbed, thongh its 
existence contravened the law. The teachers under 
whoso instruction and influence the young man came 
at Davcntry, carried ont to the letter the injonctiou to 
" try all things : hold fast that which is good," and en- 
couraged the discussion of every imaginable proposition 
• with complete freedom, the leading professors taking 
opposite sides ; a discipline which, admirable as it may 
be from a purely scientific point of Tiew, would seem 
to be calculated to make acute, rather than sound, di- 
vines. Priestley tells us, in his " Autobiography," that 
»Ite generally found himself on the unorthodox side : and, 
as he grew older, and his facnlties attained their ma- 
turity, this native tendency towards heterodoxy grew 
with his growth and strengtliened with his strength. 
He passed from Calvinism to Arianism ; and finally, in 
middle life, landed in that very broad form of Unita- 
rianiem, by which his craving after a credible and con- 
sistent theory of things was satisfied. 

On leaving Daventry, Priestley became minister of 

^ congregation, first at Noedhara Market, and secondly 

-^antwieh; but whether on account of his heterodox 

P^Ojons, or of the stuttering which impeded his expres- 

"^ of them in the pulpit, little euccess attended his 

^, ~*^s in tHs capacity. In 1T61, a career much more 

" "^^d to his abilities became open to him. He was 
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minted *'tntor in the langoages" in the Diesenting 
Xcademy at Warrington, in which capacltj, besides giv- 
ing three conreee of lectures, he taught Latin, Greek, 
French, and Italian, and read lectures on the Theory 
o£ Language and Universal Orammar, on Oratory, Phil- 
osophical CriticiBm, and Civil law. And it is interest- 
ing to observe that, as a teacher, he encouraged and 
cherished in those whom ho instructed, the freedom 
which he had enjoyed, in his own student days, at Dav- 
entry. One of his pupila tells lis that, 

"At the conoloBion of his lootwe, ho alwHje enoonragod his stn- 
denU to express their eentiments relative to the subject of it, and 
to urge ajiy objections to what he had doliTered, without reserve. 
It pleased liim when anj oae commeDced snch s conversatjoii. In 
order to excite the freest discussion, he occasionallj invited the 
students to drinli tea with him, in order to canTasa the subjects of 
his lectarcs. I do not reaollect that he ever showed the least dia- 
pleasare at the strongest objections that were made to wtmt lie de- 
livered, bat I distinctly remember the smile of spprobation with 
which he nsQall; received them ; nor did he fail to point oat, in a 
very encoaraging manner, the ingenuity or force of any remarlts 
that were made, when they merited these charaotera. Hia object, 
as well OS Dr. Aikin's, was to engage the students to examine and 
decide for themselves, nninfluenced by the ecntiraeiitB of any other 
persona." * 

It wonld be difficult to give a better description of a 
model teacher than that conveyed in these words. 

From his earHest days, Priestley had shown a stroog 
bent towards the study of nature ; and his brother 
Timothy tells us that the boy pnt spiders into bottles, 
I how long they would live in the same air — a 
"Ufe nnd CorreaponiJence of Dr. Priestley," by J. T. Hatt Vol. L 
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curiouB antieipation o£ the iDvestigations of his later 
years. At Nautwich, where he Bet up a school, Priestley 
informa ns that he bonght an air pump, an electrical 
machine, and other instruments, in the use of which 
he instructed his scholars. But he does not seem to 
have devoted himself seriously to physical science until 
1766, when he had the great good fortune to meet Ben- 
jamin Franklin, whose friendship he ever afterwards 
enjoyed- Encouraged by Franklin, he wrote a "His- 
tory of Electricity," ■which was published in 1767, and 
appears to have met with considerable snccess. 

In the same year, Priestley left Warrington to be- 
come the minister of a congregation at Leeds; and, 
here, happening to live next door to a public brewery, 
as he Bays, 

" I, at first, amnsed myself with making experiments on the fixed 
mrwhich 1 foimd readj-mode in llie process of fermeotBtioD. When 
I removed from that house J wna under the necessity of rnaking 
fixed air for myself; and one experiment leading to another, as I 
have distinctly and faithfully noted in my various pnblicationa on 
the subject, I by degrees contrived a convenient apparatus for the 
purpose, bat of the cheapest kind, 

"When I began theaa experiments I knew very little of fA#m- 
utry, and had, in a manner, no idea on the subject before I atr 
tended a coarse of chemical lectures, delivered in the Academy at 
Warrington, by Dr. Turner of Liverpool. Bnt I have often thought 
that, upon the whole, this circamstance was no disadvanta^ to me; 
as, in this situation, I was led to devise au apparatus and processes 
of my own, adapted to my peculiar views ; whereas, if I had been 
previoDsly auonstomed to the usual chemical processes, I should not 

tt ao eaaly thought of any other, and vithoot new modes of 0p6r- 
>, I should hardly have discovered anything materially new." * 

• "Anlotnographj," §§ 100, 101. 
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Tlie first outcome of Priestlej'a chemical work, pub- 
lished in 1772, was of a very practical character. He 
diflcovered the way of impregnating water with an ex- 
cess of " fixed air," or carbonic acid, and thereby pro- 
ducing what we now know as "soda water" — a service 
to naturally, and still more to artificially, thirsty souls, 
'hich those whose parched throats and hot heads are 

lied by morning draughts of that beverage, cannot 
too gratefully acknowledge. In the same year, Priestley 
communicated the extensive series of observations which 
his industry and ingenuity had aeeumulated, in the course 
of four years, to the Eoyal Society, under the title of 
"Observations on Different Kinds of Air " — a memoir 
which was jnstly regarded of so much merit and im- 
portance, that the Society at once conferred upon the 
author the highest distinction in their power, by award- 
ing him the Copley Medal, 

In 1771 a proposal was made to Priestley to accom- 
pany Captain Cook in his second voyage to the South 
Seas. He accepted it, and his congregation agreed to 
pay an assistant to supply his place during hia absence. 
But the appointment lay in the hands of the Board of 
Longitude, of which certain clergymen were members; 
and whether these worthy ecclesiastics feared that Priest- 
ley's presence among the ship's company might expose 
his Majesty's Sloop Resolution to the fate which afore- 
time befell a certain ship that went from Joppa to 
Tarshish ; or whether they were alarmed lest a Socin- 
ian should undermine that piety which, in the days of 
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ected to 1 






immodore Tmnnion, bo Btrikmgly characterised e 

doee not appear; but, at any rate, they objected t 

Priestley " on account of his religious principlcB," and 

appointed the two Foraters, whose "religious princi- 

if they had been known to these well-meaning 

it not far-sighted perBons, would probably have bot- 

id them. 

In 1772 another proposal was made to Priestley. 

ird Shelbnme, desiring a. " literary companion," had 

bronght into communication with Priestley by the 

lod offices of a friend of both, Dr. Price; and offered 

him the nominal post of librarian, with a good house 

and appointments, and an annuity in case of the terroi- 

nation of the engagement. Priestley accepted the offer, 

id remained with Lord Shelbume for seven years, 

imetimes residing at Calne, sometimes travelling abroad 

:th the Earl. 

Why the connection terminated has never been ex- 
actly known ; but it is certain that Lord Shelbume 
beliaved with the utmost consideration and kindneBs 
towards Priestley ; that he fulfilled his engagements to 
the letter; and that, at a later period, he expressed a 
desire that Priestley should return to his old footing 
in his house. Probably enough, the politician, aspiring 
to the highest offices in the state, may have foand the- 
position of the protector of a man who was being de- 
noonced all over the country as an infidel and an atheist 
lewhat embarrassing. In fact, a passage in Priest- 
'b "Antobiography " on the occasion of the puhli- 




tion of bis " Dieqnisitions relating to Matter and 
Spirit," which took place in 1777, indicates pretty clearly 
the etate of the case : — 

"(126) It being probable tbat this pnblioatioa would be un- 
popular, and migbt be the means of bringing odiam on IU7 patron, 
several attempts were made bj his friends, Lbongb none bj himself, 
to dissnode me from persisting in it. But being, as I thought, en- 
gaged in the oanae of important truth, I proceeded withont regard 
to Boj consequences, assnriDg them that this publication ehoold not 
be iDjurions to bia lordship." 

^h It IB Dot unreasonable to suppose that his lordship, 
By s keen, practical man of the world, did not derive 
iDQch satisfaction from this asBOrance. The "evident 
marks of diasatisf action " which Priestley says he first 
perceived in his patron in 1778, may well have arisen 
from the peer's not unnatural uneasiness as to what his 
domesticated, but not tamed, philosopher might write 
next, and what storm might thereby be brought down on 
his own head ; and it speaks very highly for Lord Shel- 
burne's delicacy that, in the midst of such perplexities, 
he made not the least attempt to interfere witli Priest- 
ley's freedom of action. In 1780, however, he intimated 
to Dr. Price that he should be glad to estabheb Priestley 
on hia Irish estates : the suggestion was interpreted, as 
Lord Shelbnrne probably intended it should be, and 
Priestley left him, the annuity of £150 a year, which 
had been promised in view of such a contingency, being 
punctually paid. 

After leaving Calne, Priestley spent some little time 
in London, and then, having settled in Birmingham at 
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the desire of his brother-in-law, he was eoon invited to 
become the miniBter of a large congregation. This set- 
tlement Priestlej considered, at the time, to be "the 
happiest event of his life." And well he might think 
so ; for it gave hira competence and leiBiire; placed him 
within reach of the beat makers of apparatus of the day ; 
made him a member of that remarkable " Lunar Soci- 
ety," at whose meetings he could exchange thoughts 
with such men as Watt, Wedgewood, Darwin, and 
Boulton ; and threw open to him the pleasant house of 
the Gallons of Barr, where these men, and others of less 
note, formed a society of exceptional charm and intelli- 
gence,* 

But these halcyon days were ended by a bitter Btorm, 
The French Bevolntion broke out. An electric shock 
ran through the nations ; whatever there was of corrnpt 
and retrograde, and, at the same time, a great deal of 
what there was of best and noblest, in European society 

* See "The Life of Mary Anne Schimmelpenninck." Mrs. Schinmiel- 
penninck {tiic Gatton) remembered Priestley very well, andlier deaeriptiou 
of tiirn ia north quotntion : — " A man of iidmlrable simpUdty, gentleneea 
and kiudneBB of beart, unitod nith great acutencas of intellect. I cui 
never forget the impression produced on me by the eerene eiprcssion of his 
wnintenance. He, indeed, aeemed preneat with God by recolleodon, and 
with mui bj cheerfulneBB. I remember that, in the assembly of these die- 
ttngaished men, amongst whom Mr. Boullon, by bis noble manner, his fine 
countenance (which much resembled that of Louis XTV.), and princely Enuoi- 
ficenoe, Blood pre-eminently as the great Meoamas ; eren si a child, I used 
to feel, when Dr. Priestley entered after him, that the glory of the one wat 
terrestrial, that of the other celestial ; and utterly far as T am removed bom 
a belief in the sufficienoy of Dr. Piiestley's theological ereed, I cannot but 
here record this evidence of the eternal power of any portion of the tiutb 
" d in ita TitiOlty." 
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Bhnddered at the outburst of long-pent^np social firee. 
Men's feelings were excited in a waj that wo, in this 
generation, can hardly comprehend. Party wrath and 
virulence were expressed in a manner unparalleled, and 
it is to be hoped impossible, in oar times ; and Priestley 
and his friends were held up to public scorn, even in 
Parliament, as fomenters of sedition. A " Church-and- 
King" cry was raised against the Liberal Dissenters; 
and, in Birmingham, it was intensified and specially 
directed towards Priestley by a local controversy, in 
wliieh he Lad engaged with hia usual vigour. In 1T91, 
the celebration of the second anniversary o£ the taking 
of the Bastille by a pnblic dinner, with which Priestley 
had nothing whatever to do, gave the signal to the loyal 
and pious mob, who, unchecked, and indeed to some 
extent encouraged, by those who were responsible for 
order, liad the town at their mercy for three days. The 
chapels and houses of the leading Dissenters were 
■wrecked, and Priestley and his family had to fly for 
their lives, leaving library, apparatus, papers, and all 
their possessions, a prey to the flames. 

Priestley never returned to Birmingham. lie bore 
the outrages and losses inflicted upon liim with extreme 
patience and sweetness,* and betook himself to London. 
But even hia scientific colleagues gave him a cold shonl- 

• Even Mra. Priestley, who might be forgiTen for regarding the deBlnjy- 
er* of her houBehold goda witli some ospeiity, contents heiself, in irriling 
to Mrs. Barbauld, with the Bnrcasm tbat the Birmingban) people "will 
scarcely find bo many [expectable characters, a second time, to make a boo- 
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der ; and though he was elected minister of a congrega- 
tion at Hackney, he felt his position to be insecure, and 

finally detorniiaed on emigrating to the United States, 
lie landed in America in 1794; lived quietly with his 
eons at Northnmberland, in PenBsylvania, where his pos- 
terity still flonrish ; and, clear-headed and busy to the 
;laBt, died on the 6th of February 1804. 



Such were the conditions nnder which Joseph Priest- 
ley did the work which lay before him, and then, as the 
Norse Sagaa say, went out of the story. The work itself 
was of the most varied kind. No human interest was 
without its attraction for Priestley, and few men have 
ever Iiad so many irons in the fire at once ; but, though 
ho may have burned his fingers a little, very few who 
have tried that oi>eration have burned their fingers so 
little. He made admirable discoveries in science; his 
philosophical treatises are still well worth reading; hh 
\ political works are full of insight and replete with the 
spirit of freedom ; and while all these sparks flew off 
from his anvil, the controversial hammer rained a hail of 
blows on orthodox priest and bishop. While thus en- 
gaged, the kindly, cheerful doctor felt no more wrath or 
uncharitableness towards his opponents than a smith does 
towards his iron. But if the iron could only speak ! — 
and the priests and bishops took the point of view of the 
iron. 

No doubt what Priestley's friends repeatedly urged 
1 him — that he would have escaped the heavier trials 
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of his life and done more for the advancement of knowl- 
edge, if he had confined himself to his scientific puranits 
and let his fe!low-men go their way — was trne. Bnt it 
seems to have been Priestley's feeling that he was a man 
/ and a citizen before ho was a philosopher, and that the 
dntiee of the two former positions are at least as imperar 
tive as those of the latter. Moreover, there are men (and 
I think Priestley was one of them) to whom the satisfac- 
tion of tlirowing down a triumphant fallacy is as great as 
that which attends the discovery of a new tmth ; who 
feel bett«r satisfied with the government of the world, 
when they have been helping Providence by knocking 
an imposture on the head ; and who care even more for ^ 
freedom of thought than for mere advance of knowl- 
edge. These men are the Camots who organise victory 
for tnith, and they are, at least, as important as the gen- 
erals who visibly fight her battles in the field. 

Priestley's reputation as a man of science rests upon 
his nnmerons and important contribntions to the chem- 
istry of gaseons bodies ; and to form a jnst estimate of 
the value of his work — of the extent to which it ad- 
vanced the knowledge of fact and the development of 
Boond theoretical views — we must reflect what chemis- 
try was in the first half of the eighteenth century. 

The vast science which now passes under that name 
had no existence. Air, water, and flre were still counted 
among the elemental bodies ; and though Van Hel- 
mont, a century before, bad distinguished difierent kinds 
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of air afi {/as ventoaum and gaa gyheetre, and Boyle and 
Hales had experimentallj defined the pfajHical proper- 
tics of air, and diBcriminated some of tlie varioas kinds 
of aoriform bodies, no one snspected tlie cxiBteoee of 
the Dnmeroas totally distinct gaseous elements wliicb are 
now known, or dreamed that the air we breathe and the 
water we drink are eoinpouiida of gaseons elements. 

Bat, in 1754, a yonng Scotch physician. Dr. Black, 
made tiie firet clearing in this tangled backwood of 
knowledge. And it gives one a wonderful impression 
of the juvenility of Bciontific chemistry to think that 
.Iiord Brougham, whom so many of ua recollect, at- 
ided Black's lectures when he was a atudent in Edin- 

gh. Black's researches gave t!ie world the novel 
and startling conception of a gas that was a permanent- 
ly elastic fluid like air, bnt that differed from common 
air in being much heavier, very poisonons, and in hav- 
ing the properties of an acid, capable of neutraliBing 
the strongest alkalies ; and it took the world some time 
to become accustomed to the notion. 

A dozen years later, one of the most sagacioos and 
vcciirate investigatora who has adorned this, or any 
other, country, Henry Cavendish, published a memoir 
in the " Philosophical TransactionB," in which he deals 
not only with the " fixed air " (now culled carbonic add 
or carbonic anhydride) of Black, but with " inflammable 
," or what we now term hydrogen. 

By the rigorous application of weight and meaaore 

sll ' " 'oceeees, Cavendish implied the belief subae- 
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quently formulated by Lavoisier, tliat, in chemieal pro- 
ceseea, matter ia neither created nor destroyed, and in- 
dicated the path along wHcb all future explorers muet 
travel. Nor did he himself halt until this path led 
him, in 1784, to the brilliant and fondamental dificovery 
that water is composed of two gases united in fixed 
and constant proportions. 

It is a trying ordeal for any man to be compared 
with Black and Cavendish, and Priestley cannot be said^/ 
to stand on their level. Nevertheless, his achievenienta 
are not only great in themselves, but truly wonderful, 
if we consider the disadvantages under which he la- 
boured. Without the careful scientific training of Black, 
without the leisure and appliances secured by tlie wealth 
of Cavendish, he scaled the walls of science as so many 
Englishmen have done before and eince his day ; and 
trusting to mother wit to supply the place of training, 
and to ingenuity to create apparatus out of washing 
tubs, he discovered more new gases than all his prede- 
cessors put together had done. He laid the founda- 
tions of gas analysis ; he discovered the complementary 
actions of animal and vegetable life upon the constitu- 
enta of the atmosphere ; and, finally, he crowned Iiis work, 
this day one hundred years ago, by the discovery of 
that " pure dephlogisticated air " to which the French 
chemists subsequently gave the name of oxygen. Its 
importance, as the constituent of the atmosphere which 
disappears in the processes of respiration and combns- 

, and is restored by green plants growing in sun- 
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Bhine, was proved eomewLat later. For these brilllaiit 
dJBcoveriea, the Koyal Society elected Priestley a fellow 
and gave him their medal, while the Academies of Paris 
and St, PeterBburg conferred their membership upon 
I him. Edinburgh had made him an honorary doctor of 
' laws at an early period of his career ; but, I need 
hardly add, that a man of Priestley's opinions received 
no recognition from the universities of his own country. 
That Priestley's contribntiona to the knowledge of 
chemical fact were of the greatest importance, and that 
they richly deaerrq all the praise that has been awarded 
to them, is unquestionable ; but it must, at the same 
time, be admitted that ho had no comprehension of the ■* 
deeper significance of his work ; and, so far from con- 
tributing anything to the theory of the facts which he 
discovered, or assisting in their rational explanation, his 
influence to the end of his Ufe was warmly exerted in 
favour of emir. From first to last, he was a stiff ad- 
herent of the phlogiston doctrine which was prevalent 
when his studies commenced ; and, by a curious irony 
of fate, the man who by the discovery of what he called 
" dephlogiBtieatcd air " furnished the essential datum for 
the true theory of corabuation, of respiration, and of the| 
composition of water, to the end of his days fought 
Mt the inevitable corollaries from his own laboure. 
! last scientific work, published in 1800, bears the 
■tie, " The Doctrine of Phlogiston established, and that 
E the Composition of Water refuted," 
1 Wl"^ " *ley commenced his studies, the current 




JOSEPH PRIESTLEY. 117 

Kef was, that atmospherie air, freed from accidental 
impnritiefl, is a simple elementary Bnbstance, indeetrncti- 
ble and analterable, as water was supposed to be, Wlien 
a combustible burned, or when an animal breathed in 
air, it was supposed that a substance, " phlogiston," the 
matter of heat and light, passed from the burning or 
breathing body into it, and destroyed its powers of sup- 
porting life and combustion. Thus, air contained in a | 
vessel in which a lighted candle had gone out, or a liv- J 
iug animal had breathed until it could breathe no longer, | 
was called " phlogisticated." The same result was sup- 
posed to be brought about by the addition of what 
Priestley called "nitrous gas" to common air. 

In the course of his researches, Priestley found that 
the quantity of common air which can thus become 
" phlogisticated," amounts to about one-fifth the volume 
of the whole quantity submitted to espcriment. Hence 
it appeared that common air consists, to the extent of 
foui^fiftha of its vohmae, of air which is already " phlo- 
gisticated ;" while the other fifth is free from phlogiston, 
or " dephlogistieated." On the other hand, Priestley 
found that air " phlogisticated " by combustion or reapii'a- 
tion could be " dephlogistieated," or have the properties 
of pure common air restored to it, by the action of 
green plants in sunshine. The question, therefore, would 
naturally arise— as common air can be wholly phlogisti- 
cated by combustion, and converted into a substance 
which will 110 longer support combustion, is it possible 
set air thfit shall be less phlogisticated than com- 
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mon air, and coosequently support combustion better 
than common air does? 

Now, Priestley eajs that, ia 1774, the poseibili^ oi 
obtaining air Icbb phlogiaticated than common air had not 
occurred to him.* But in pursuing his experiments 
on the evolutioa of air from various bodies by means 
of heat, it happened that, on the Ist of August 1774) 
he threw the heat of the sun, by means of a large burn- 
ing glass which he had recently obtained, upon a snb- 
Btance which was then called mercuriua calcinatus j»r 
te, and which is eoraraonly known as red precipitate. 

"I presentlj fonnd that, by means of this lena, air was expelled 
from it Fery readily. Having got about three or four times as much 
aa the bulk of my materials, I adniitted u'&ter to it, and found that 
it was not imbibed by it. Bat what surprised me more than I can 
well eipress, was that a candle bnmed in this air with a remarkably 
vigoroaa flame, very much like that enlarged flame with which a ^ 
candle barns in nitrous air, exposed to iron or lime of solphari but ■ 
aa I had got nothing like tltis remarkable appearance from any kind 
of ur besides this particular modilioation of nitrons air, and I knew 
no nitrons acid was used in the preparation of mereuriiu ealeijiatui, 
I waa utterly at a loss how to account for it. 

" In this case also, though I did not give sufficient attention to 
the circmoetauce at that time, the Same of the candle, besides 
being larger, burned with more splendour and heat than in that 
apecies of uitroua air; and a piece of red-hot wood sparkled in it, 
exactly like paper dipped in a solution of nitre, and it consumed 
very fast — an experiment which I had never thought of trying with 
uitroua Bir."f 

Priestley obtained the same sort of air from red 
{.•lead, but, as he says himself, he remained in ignoranco 



* " Biperimcnls and ObsemtiouB • 



a Different Kinds of Air," vol. U. 
t Ibid. pp. 34, SO. 
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F the properties of tliis new kind o£ air for seven 
months, or until March 1775, when lie found that the 
new air behaved with " nitroua gas " in the same way 
as the dephlogisticated part of common air does;* but 
that, instead of being diminished to four-fifths, it almost 
completely vanished, and, therefore, showed itself to be 
"between five and six times as good as the best com- 
mon air I have ever met with." f As this new air thus 
appeared to be completely free from phlogiston, Priestley 
called it " dephlogisticated air." 

Wliat was the nature of this air? Priestley found 
that the same kind of air was to be obtained by moisten- 
ing with the spirit of nitre (which he terms nitrous 
acid) any kind of earth that is free from phlogiston, 
and applying heat ; and consequently he says : " There 
remained no doubt on my mind but that the atmos- 
pherical air, or the thing that we breathe, consists of 
the nitroua acid and earth, with so mucli phlogiston aa 
is necessary to its elasticity, and likewise so much more 
as is required to bring it from its state of perfect purity 
to the mean condition ia which we find it."t 

Priestley's view, in fact, is that atmospheric air 
is a kind of saltpetre, in which the potash is replaced 
by some unknown earth. And in speculating on the 
manner in which saltpetre ia formed, he enunciates the 
hypothesis, " that nitre is f onned by a real decompoaH/ion 
\ if the air itself, the haaea that are presented to it hav- 

I ."I 



" EiperimentB and Observatinua on Different KinJa of Air," vol. li. 
f Ibid. p. 48. \ Ibid. p. fiS. 
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ing, in each circTunstances, a nearer affinity with the 
flpirit of nitre than that kind of earth with which it 
is united in the atmosphere."* 

It wonld have been hard for the most ingenioEB 
person to have wandered farther from the troth than 
Priestley does in this hypothesis ; and, though I.avobier 
nndonbtedly treated Priestley very ill, and pretended 
to have discovered dephlogisticated air, or oxygen, as 
ho called it, independently, we can almost forgive him, 
when we reflect how different were the ideas which 
the great French chemist attached to the body which 
Priestley discovered. 

They are like two navigators of whom the first 
sees a new country, but takes clouds for mountains 
and mirage for lowlands; while the second determines 
its length and breadth, and lays down on a chart its. 
exact place, so that, thenceforth, it serves aa a guide 
to his snccessora, and becomes a secure outpost whence 
new explorations may be pushed. 

Nevertheless, as Priestley himself somewhere re- 
marks, the first object of physical science is to ascer- 
tain facts, and the service which he rendered to chem- 
istry by the definite establishment of a large number 
of new and fundamentally important facts, is such as 
%o entitle him to a very high place among the fathers 
pf chemical scieqce. 

It is difficult to say whether Priestley's philosophical, 

* " Eipertmenta and ObaerrationB op PiC^r^nt Einda of Au,'''TOLiL 
J. eo. The italics are PrieatJey's own. 
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"•i^oUtical, or theological views were moat responsible for 
the bitter hatred which was borne to him by a large 
body of his countrymen,* and which fonnd its exprea- 
Bion in the malignant insinuations in which Burke, to his 
everlaating aharae, indulged in the House of Commona. 

Without containing much that will be new to the 
readers of Hobbes, Spiuoza, Collins, Hume, and Hartley, 
and, indeed, while making no pretensions to originality, 
Prieatley's " Disquisitions relating to Matter and Spirit," 
and his " Doctrine of Philosophical Necessity illus- 
trated," are among the most powerful, clear, and un- 
flinching expositions of materialism and necessarianism 
which exist in the English language, and are still well 
worth reading. 

Priestley denied the freedom of the will in the sense 
of its self-determination ; he denied the existence of a 
Boul distinct from the body ; and as a natural conse- 
quence, ho denied the natural immortality of man. 

In relation to these matters English opinion, a cen- 
tury ago, was very much what it is now, 

A man may be a necessarian without incurring graver 

* "In all tliG nenapaperd and most of the periodical publications I wag 
repreaeated S9 aa unbcUcTer in BevelUion, and no belter than an alhciEt." 
— " Autobiography," Rult Tol. i. p. 124. "On the walla of housea, etc., 
and Mpecially where I UBuallj went, were to bo Been, in large characterB, 
■ IUdan MB ever; DiuM Phikstlet; mo Frebbvtehianisu ; Dauh thi 
FiiK9BTTEBiAN9,' elc. etc. ; and, at one time, I was followed by a number of 
boys, who left tbelr play, repeating what tbey bad seen on the walls, and 
ahouting out, ' Doihh Pricilley ; damn Aim, damn him, far ever, for tver, 
etc; etc. Tbis was no doubt a lessoa wbiah tbey had been taught by tbtir 
psreola, and what they, I fear, had learned from their aaperiors." — " Appeal 
,<|e As Pnblic on the Subject of the Riota at Dirmingham." 
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reproach than that implied in being called a gloomy 
fanatic, necessarianiam, though very Ehoddng, having a 
note of Calvinistic orthodoxy ; but, if a man is a ma- 
terialifit; or, if good authorities say he is and must be 
BO, in spite of his assertion to the contrary ; or, if he 
acknowledge himself unable to see good reasons for be- 
lieving in the natural immortality of man, respectable 
folks look upon him as an unsafe neighbonr of a cash- 
box, as an actual or potential sensualist, the m<B« vir- 
tuoua in outward seeming, the more certainly loaded 
with secret " grave personal sins." 

Nevertheless, it is aa certain as anything can be, that 
Joseph Priestley was no gloomy fanatic, but as cheerful 
and kindly a Boul aa ever breathed, the idol of children ; 
a man who was hated only by those who did not know 
him, and who charmed away the bitterest prejudieea in 
personal intercourse ; a man who never lost a friend, 
and the best testimony to whose worth is the generous 
and tender warmth with which his many friends vied 
with one another in rendering him substantial help, in 
all the crises of his career. 

The unspotted purity of Priestley's life, the strict- 
ness of his performance of every duty, bis transparent 
sincerity, the unostentatious and deep-seated piety which 
breathes through all his correspondence, are in them- 
Belves a sufficient refutation of the hypothesis, invented 
by bigots to cover nncharitableness, that such opinions 
as his must arise from moral defects. And his statue 
\ -will do as good service as the brazen image that was set 




upou a pole before the IsraeHtee, if those who have 
bitten by the fiery serpents of sectarian hatred, -which 
still haunt this wilderness of a world, are made whole by 
looking upon the image of a heretic, who was yet a saint. 
Though Priestley did not believe in the natural im- 
mortahty of man, he held with an almost naive realism, ^ 
that man would be raised from the dead by a direct 
exertion of the power of God, and thenceforward be 
immortal. And it may be as well for those who may be 
shocked by this doctrine to know that views, substan- 
tially identical with Priestley's, have been advocated, 
since his time, by two prelates of the Anglican Church : 
by Dr. Whately, Archbishop of Dublin, in his well- 
known " Essays ; " * and by Dr. Courtenay, Bishop of 
Kingston in Jamaica, the first edition of whose remark- 
able book " On the Future States," dedicated to Arch- 
bishop Whately, was published in. 1843 and the second 
in 1857. According to Bishop Courtenay, 

"The death of the body will oanae a cessation of ftll the actiTity 
of the ruind by way of natural consequence; to coatinae for ever 
17KLES8 the Creator ehould interfere." 

And again : — 

"The natural end of human existence is the 'first death,' the 
dreamless slumber of the grave, wherein man lies spellbound, soul 
and body, under the dominion of siu and death — that whatever 
modes of conscious oiistenoe, whatever future states of ' life ' or of 
'torment' beyond Hades are reserved for man, are results of our 
WesBed Lord's victory over sin and death ; that the resurrection of 

* nrst iifiries. " Od Some of tlie PeculiariUca of the CbrisUau Relig- 
Essay L lEevolatiun of a Future State. 
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the dead mast be prelimioary to tbeir entrance into either of the 
fatore states, and that the natore and oven eiiat«nce of these states 
Bnd even the mere fact that there ia a futorit]' of conMiouBnesB, can 
be known onlj/ through God's revelation of Ilimaelf in the FereoD 
and the Gospel of His Son."— P. 889. 

And now hear Priestley:— 

" Man, according to this fljatem (of materialism), is no more than 
we BOW see of him. His being commences at the time of his cod- 
oeption, or perhaps at an earlier period. The corporeal and mental 
v facalties, in lieing in the same aabstance, grow, ripen, and decaj to- 
gether; and whenever the sj'Bt«m is dissolved it continues in a state 
of disaolution till it shall please that Almighty Being who called it 
into eiietonoe to restore it to life again."— "Matter and Spirit," 
p. 49. 

And again ;^ 

"The doctrine of the Scriptare is, that God made man of the 
dnst of the ground, and bj simp); animating this organised matter, 
made man that living percipient and intelligent being that he is. 
According to Revelation, death ia a state of rest and insensibilitf, 
and our only though sure hope of a fature life is founded on the 
\ dootrine of the resurrection of the whole man at some distant pe- 
riod; this assurance being aufficienti; confirmed to ns both bj the 
evident tokens of a Divine commission attending the persons who 

» delivered the doctrine, and especially by the actual resurrection of 
JesuB Christ, which is more authenticoUy attested than any other 
fcct in history,"— /6i(i., p. 247. 
We all know that " a saint in crape is twice a saint 
In lawn ; " but it is not yet admitted that the views 
which are eonsistent with eueh saintliness in lawn, be- 
come diaboHeai when held by a mere dieaenter.* 

* Not only is Ptiestlej St one with Biehop Courtcnaj in this matter, but 
. with Hartley and Bonnet, both of them stout champions of Christianity. 
r. Archbishop Whatcly's esss; is little better than an eipanslon of 
i first paragraph of Rumo's famous eesaj on the Immortahty of the 
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Ii-I am not here either to defend or to attack Priestley's 
ilosophical views, and I cannot say that 1 am person- ', 

ally disposed to attach much value to episcopal author- I 

ity in philosophical questions ; but it seema right to call ij 

attention to the fact, that those of Priestley's opinions [j 

which have brought moat odium npon him, have been j 

openly promulgated, without challenge, by persons oc- '■ 

cnpying the highest positions in the State Church. 'j 

I mnet confess that what intereata mo most about ! 

Priestley's materialism, is the evidence that he aaw dimly ; 

the seed of destruction which such materialism carries I 

within its own bosom. In the course of ids reading for ■; 

his " History of Discoveries relating to Vision, Light, j 

and Colonra," he had come npon the speculations of 
BoBCovich and Micbell, and had been led to admit the !| 

sufficiently obvious truth that our knowledge of mat- i|' 

ter is a knowledge of its properties ; and that of its 
Bulffitance — if it have a substance — we know nothing. 
And this led to the further admission that, so far as we 
can know, there may be no difference between the sub- 
stance of matter and the substance of spirit (" Disquisi- 
tiona," p. 16), A step farther would have shown Priest- ■ 

ley that his materialism was, essentiallj, very little 
different from the Idealism of his contemporary, the ;, 

Bishop of Cloyne. 

mortalitj of the soul ; ihe arguments for it are commonly derived either J 

from raetaphjeiciil topics, or moral, or phyMcaL But it ie in reality the 1 

Gospel, and the Gospel alone, that has brought li/e and immortali'r/ to lighi." 
It is impossible to imsginB that a man of Wbatelj'a taatci and acquiremenls 
bad not read Hume or Hartley, though he refers to neither. 
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As Priestley's philosophy is mainly a clear Btatement 

of tlie views of the deeper thiakers of his day, so are 

his political conceptions based npon those of Locke. 

Locke's aphorism that " the end of government is the 

I good of mankind," is thus expanded by Piieatley : — 

" It mnst neoesanrily be oaderatood, therefore, whether it be 
eipreBsed or not, that all people live in eociotj for their mntual 
adratttage; so that the good and happinesB of the members, that 
la, of the majorit}' of the luembers, of any state, is the great 
standard bj which everything relating to that state must finaUjr be 
determined." • 

The little sentence here interpolated, " that is, of the 
majority of the members of any state," appears to be 
that passage which saggested to Benthamj according to 
bis own acknowledgment, the famous " greatest happi- 
ness" formula, which by substituting "happiness" for 
1 converted a noble into an ignoble princi- 
ple. But I do not call to mind that there is any utter- 
ance in Locke quite so outspoken as the following pas- 
sage in the " Essay on the Firet Principles of Govern- 
ment." After laying down as "a fundamental maxim 
in ail governments," the proposition that "kings, sena- 
tors, and nobles" are "the servants of the public," 
Priestley goes on to say ; — 

" Bnt in the largest states, if the abases ot the government 
shonld at any time be great Bnd manifest ; if the Hervante of the 
people, forgetting their masters and their ma.eters' interest, should 
10 a separate one of their own ; if, instead of considenng that 

"EsMyoQ the flrat Prioctploa of Government" Second edition, 
EJ771, p. 13. 
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'e made for the people, they ehould coDsider the people as 
made for tbem ; if the oppressions and violation of right ehoold be 
groflt, flBgrast, and universallj resented ; if the tyrannical gover- 
nors should have no friends but a few sfcophants, nbo hud Jong 
preyed npon the vitals of their fellow -citizens, and who might be 
expected to desert a goveramoot whenever their interests should 
be dotaehed from it ; if^ in oonseqneoce of these cironinstances, it 
should beaome manifest that the risk which would be run in at- 
temptiag a revolntioo would be trifliog, and the evils which might 
be apprehended from it were far less than those which were aotnally 
BulTered and which were daily increasing; in the name of God, I 
aak, what principles are those which ought to restrain an injured 
and insulted people from asserting their natnral rights, and from 
changing or even paaisbing their goveraora — that is, their eer- 
Tants — who had abased their trnst, or from alteriog the whole fotp 
of their government, if it appeared to be of a structure so liable to 
abuse I" 

Ae a Dissenter, subject to the operation of the Cor- 
poration and Test Acts, and as a Unitarian, excluded 
from tlie benefit of the Toleration Act, it is not sor- 
prising to find that Priestley had very definite opinions 
about Ecclesiafltical Establishments ; the only wonder is 
that these opiniouB were so moderate as the following 
passages show them to have been : — 

" Eccle^astioal authority may have been necessary in the infant 
etate of sooiety, and, for the same reason, it may perhaps oontinne 
to be, in some degree, neoessary as long as society is imperfeot; 
and therefore may not be entirely abolished till civil governments 
have arrived at a mnch greater degree of perfection. If, therefore, 
I were asked whether I should approve of the immediate diseola- 
tion of all the eoclesiaBtieal establishments in Europe, I shonld an- 
swer, No. . . . Let experiment be first made of alttratiaia, or, 
which is the same thing, of better eitablUhmenU than the presi-nt. 
Let them be reformed in many essential articles, and tliea not 
thrown aside entirely till it be found by experience that no good oan 
be made of them." 
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Priestley goea on to suggest four Bach reforms of 
a capital nature : — 

" 1. Let the Articlea of Fajth to be anbacribed bf candidntos for 
tbe miniBtrj be greatly rednced. In the formularj of tbe Church 
(if England, might not thirty-eight ont of the tliirtj-nine be yery 
well spaced? It is a reproach to any Chriattan estabiiebment if 
every man cannot clmm the benefit of it who can eay that be be- 
lieTtia in tlie religion of Jesaa Obriat aa it ia set forth in the New 
ToBtament. Yoa say the tonne are eo general that even Deists 
would qnibble and insinnate themselTes, 1 aoswerthat all the arti- 
cies which are aabscribed at present, by no means eiclade Ueiats 
who will preraricate; and upon thia aclieme yoa wonld at least 
eiclude fewer honest men." * 

The eecond reform suggeeted is the equalisation, in 
proportion to work done, of the stipends of the clergy ; 
the third, the exclusiou of the bishops from Parliament ; 
and the fourth, complete toleration, bo that every man 
may enjoy the rights of a citizen, and be qualified to 
serve his country, whether he belong to the Established 
Church or not. 

Opinions such as those I have quoted, respecting the 
duties and the responeibilitieB of governors, are the 
commonplaces of modem Liberalism ; and Priestley's 
views on Ecclesiastical EBtabliehmentB would, I fear, 
meet with bnt a cool reception, aa altogether too con- 
servative, from a large proportion of the lineal descend- 
ants of the people who taught their children to cry 
" Damn Priestley ;" and, with that love for the practi- 
cal application of science which is the source of the 

• " Otility of EstablishmenW," in " Essay on Krst Principles of GoT«nv 
,"p. 198, 1771. 
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greatness of Birmingham, tried to set fire to the doctor's 
liouBe with eparkfl from his own electrical machine; there- 
by giving the man thej called an incendiary and raJBer 
of sedition against Church and King, an appropriately 
iiimental illustration of the natnre of arson and riot. 



If I have succeeded in putting before you the main 
/ features of Priestley's work, ita value will become ap- 
I parent, when we compare the condition of the English 

nation, as he tnew it, with its present state, 
- The fact that France haa been for eighty-five years 
trying, without much Buccees, to right herself after the 
great storm of the lievolntion, is not unfrequently cited 
among us, as an indication of some inherent incapacity 
for Bclf-govemment among the French people. I think, 
however, that Englishmen who argue thus, forget that, 
from the meeting of the Long Parliament in 1640, to 
the last Stuart rebellion in 1745, is a hundred and five 
years, and that, in the middle of the last century, we 
had but just safely freed ourselves from our Bourbona 
and all that they represented. The corruption of our 
state was as bad as that of the Second Empire. Bribery 
was the instrument of government, and peculation its 
reward. Four-fifths of the seats in_ the House of Com- 
mons were more or less openly dealt with as property. A 
minister had to consider the state of the vote market, and 
the sovereign secured a sufficiency of " king's friends " by 
payments allotted with retail, rather than royal, sagacity. 
Barefaced and brutal immorality and intemperance 
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pervaded the land, from the highest to the lowest classes 
of Bociety. The Established Church was torpid, so far 
■sit was not a ecandal; but those who dissented from 
it came within the meshes of the Act of TJniformity, 
the Test Act, and the Corporation Act. By law, such a 
man as Priestley, being a Unitarian, could neither teacli 
nor preach, and was liable to ruinooa fines and long im- 
prisonment.* In those days, the guns that were pointed 
by the Church against the Dissenters were shotted. The 
law was a ceaspool of iniquity and cruelty. Adam Smith 
was a new prophet whom few regarded, and commerce 
was hampered by idiotic impediments, and ruined by 
•till more absurd help, on the part of government. 

Birmingham, though already the centre of a consid- 
erable industry, was a mere village as compared with 
its present extent. People who travelled went about 
armed, by reason of the abundance of highwaymen and 
the paucity and inefficiency of the police. Stage coaches 
bad not reached Birmingham, and it took three days to 
get to London. Even canals were a recent and mnch 
■opposed invention, 

Newton had laid the foundation of a mechanical con- 
ception of the physical universe : Hartley, putting a 
modern face upon ancient materialism, bad extended 
that mechanical conception to psychology; linnseus and 
HaUer were beginning to introduce method and order 
into the chaotic accumulation of biological facts. Bat 
those parts of physical science which deal with Iieat 
* In 1732 Doddridge was cited for teBchlng widiout the Biabop'a 
iMTe, It Nortbampton. 
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electricity, and magnetism, and above all, chemistry, in 
the modern senBe, can hardly bo said to have had an 
existence. No one knew that two of the old elemental 
bodies, air and water, are compoTnids, and that a third, 
fire, is not a substance but a motion. The great indus- 
tries that have grown out of the applications of modern 
scientific discoveries had no existence, and the man who 
bIiouM have foretold their coming into being in the days 
of his son, would have been regarded as a mad enthusiast. 
In common with many other excellent persons, 
Priestley believed that man is capable of reaching, and 
■will eventually attain, perfection. If the temperature 
of space presented no obstacle, I should be glad to 
entertain the same idea; but jndging from the past 
progress of onr species, I am afraid that the globe 
will have cooled down so far, before the advent of this 
natural millennium, that we shall be, at best, perfected 
Esquimaux. For aU practical purposes, however, it is 
enough that man may visibly improve his condition in 
the course of a century or so. And, if the picture of 
the state of things in Priestley's time, which I have 
just drawn, have any pretence to accuracy, I think it 
mnst be admitted that there has been a considerable 
change for the better. 

I need not advert to the well-worn topic of material 
advancement, in a place in which the very stones testify 
to that progress— in the town of "Watt and of Boulton, 
I win only remark, in passing, that materia! advance- 
has its share in moral and intellectual progress. 
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^■pecky Sharp's acute remark that it is Dot difScnlt to be 
^^TirtnoTis on ten thousand a year, hae its application to 
nations ; and it is fntile to expect a hungry and equalJd 
population to be anything but violent and gross. But 
aa regards other than material welfare, although perfec- 
tion is not yet in sight — even from the mast-head — it is 
^—Aorely true that things are much better than they were. 
^H Take the upper and middle classes as a whole, and it 
^Rnay be said that open immorality and gross intemperance 
have vanished. Four and six bottle men are as extinct 
aa the dodo. Women of good repute do not gamble, 
and talk modelled upon Dean Swift's "Art of Polite 
Conversation" would be tolerated in no decent kitchen. 
Members of the legislature are not to be bought; 
and constituents are awakening to the fact that votes 
must not be sold — even for such trifles as rabbits and 
tea and cake. Political power has passed into the hands 
' of the maesea of the people. Those whom Priestley 
calls their servants have recognised their position, and 
have requested the master to be so good as to go to 
school and fit himself for the administration of his prop- 
erty. No civil disability attaches to any one on theo- 
logical grounds, and the highest offices of the state are 
open to Papist, Jew, or Secularist.* 

Whatever men's opinions as to the policy of Estab- 
lishment, no one can hesitate to admit that the clergy 
of the Church are men of pure life and conversation, 

L • The tetxnt procoedinga of the House of Commons throw a donbt, 

bo hoped m»y epeedilj be removed, on the tmnmcj of 

■ Statement. (September IBSl.) 
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zealous in the discharge of their datiee ; and, at preeeat, 
apparently, more bent on prosecuting one another than 
on meddling with Dissenters. Theology itself has bi-oad- 
ened so much, that Anglican divines put forward doc- 
trines more liberal than those of Priestley ; and, in our 
state-supported churches, one listener may hear a sermon 
to which BoBSuet might have given his approbation, 
while another may hear a dificourse in which Socrates 
would find nothing new. 

But great as theso changee may be, they sink into 
insignificance beside the progress of physical science, 
whether we consider the improvement of methods of 
investigation, or the increase in bulk of solid knowledge. 
Consider that the labours of Laplace, of Young, of Davy, 
and of Faraday ; of Cnvier, of Lamarck, and of Robert 
Brown ; of Von Baer, and of Schwann ; of Smith and 
of Hntton, have all been carried on since Priestley dis- 
covered oxygen j and consider that they are now things 
of the past, concealed by the industry of those who have 
built upon them, as the first founders of a coral reef 
are hidden beneath the life's work of their successors ; 
consider that the methods of physical science are slowly 
spreading into aU investigations, and that proofs as valid 
as those required by her canons of investigation, are 
being demanded of all doctrines which ask for men's 
assent ; and yon will have a faint image of the astound- 
ing diSerence in this respect between the nineteenth 
century and the eighteenth. 

K we ask what is the deeper meaning of all these 
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vast changes, I thiDk there can be but one reply. 
mesQ that reason has aeserted and exerciBed her primacy 
over all provinces of human activity : that ecclesiafitical 
authority has been relegated to its proper place ; that 
the good of the governed has been finally recognised 
as the end of govcrnmoDt, and the complete reBponeibil- 
ity of governors to the people as its means ; and that the 
dependence of natural phenomena in general, on the laws 
of action of what we call matter has become an axiom. 
Bnt it was to bring these tilings abont, and to en- 
j force the recognition of these trnthe, that Joseph Priest- 
' ley laboured. If the nineteenth century is other and 
better than the eighteenth, it ia, in great measure, to 
him and to such men as he, that we owe the change. 
If the twentieth century is to be better than the nine- 
teenth, it will be because there are among us men who 
walk in Priestley's footsteps. 

Such men are not those whom their own generation 
delights to honour; such men, in fact, rarely trouble 
themselves about honour, but ask, in another spirit than 
Faletaff's, " What is honour ! Who hath it ? He that 
died o' Wednesday." But whether Priestley's lot he 
thejTB, and a future generation, in justice and in grati- 
tude, set up their statues; or whether their names and 
lame are blotted out from remembrance, their work will 
hve aa long as time endures. To all eternity, the sum 
^ truth and right will have been increased by their 
! to all eternity, falsehood and injustice will be 
i weaker because they have lived. 
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OF 8CIEN0B. 
"Une marque plus aflre que touttfl celleB da Zudig." — Cutike.* 

It is a usnal and a commendable practice to preface 
the discusaion of the views of a philoBophie thinker by 
some account of the l»an and of the circiimstanceB which 
shaped Lis life and coloured his way of looking at 
things ; but, though Zadig is cited in one of the most 
important chapters of Cuvier'e greatest work, little is 
known about him, and that little might perhaps be tet- 
ter aatlienticated than it is. 

It is said that he lired at Babylon in the time of 
King Moabdar; but the name of Moabdar does not 
appear in the list of Babylonian sovereigns brought to 
light by the patience and the industry of the decipher- 
ers of cuneiform inscriptions in these later years ; nor 
indeed am I aware that there is any other authority for 
his existence than that of the biographer of Zadig, one 
Arouet de Voltaire, among whose more conspicuouB mer- 

* "Diacours sur lea r6roliilioiiB do la BnrfBoe du globe,'' Sethereha ntr 
imontnunafoaiict, Ed. ir. 1. i. p. 186. 
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its strict hietorical accnracj is perhaps Iiardly to be reck- 
oned. 

Happily Zadig is in the position of a great many 
other philosophers. What he was like when he was in 
the flesh, indeed whether he existed at aU, are matters of 
no great consequence. What we care abont in a light is 
that it shows the way, not whether it is lamp or candle, 
tallow or wax. Our only real interest in Zadig lies in 
the conceptions of which he is the pntative father ; and 
his biographer has stated these with so mnch clearness 
and vivacious illnstration, that we need hardly fed a 
pang, even if critical research should prove King Moab- 
dar and all the reet of the story to be nnhistorical, and 
reduce Zadig himself to the shadowy condition of a solar 
myth. 

Voltaire tells na that, disenchanted with life by son- 
dry domestic naisadventares, Zadig withdrew from the 
turmoil of Babylon to a secluded retreat on the banks of 
the Euphrates, where he beguiled his solitude by the 
study of nature. The manifold wonders of the world of 
life had a particular attraction for the lonely student ; 
ineeesant and patient observatioa of the plants and ani- 
mals about him sharpened his naturally good powers of 
-observation and of reasoning; until, at length, he ac- 
quired a sagacity which enabled him to perceive endless 
minute differences among objects which, to the untutored 
Bye, appeared absolutely alike. 

It might have been expected that this enlargement of 

powers of the mind and of its store of natural knowl- 
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edge could tend to notliiog bnt the increase of a man's 
own welfare and the good of his fellow-men. But Zadig 
was fated to experience the vanity of such expectations. 

One day, walking near a littlo wood, ho saw, hastening that 
way, one of the Qaeen's chief eoriQcha, followed hy a. troop u( offi- 
cinls, who appeared to be in the greatest aoiiety, ranaiag; hither 
and thither like men distraught, in aearch of some loat treaaure, 

" Young man," cried the eanuch, " hove you Been the Queen's 
dog? " Zadig answered modestly, " A bitoh, 1 think, not a dog." 
" Quite right," replied the ennach; and Zadig oontinned, " A very 
aniBll Bpaniel who hue lately had puppies; she limps with the left 
foreleg, and has very long ears," " Ah 1 you have seen her then," 
said the breathless ennuch. " No," answered Zadig, " I have not 
seen her; and 1 really was not aware that the Queen possessed a 
spanieL" 

By an odd coincidence, at the very same time, the handsomest 
horse in the King's stables broke sway from hia groom in the Baby- 
lonian plains. The grand huntsman and all his staff were seeking 
the horse with as much anxiety as the eanuch and his people the 
Bpaniel; and the grand huntsman asked Zadig if bo hod not seen 
the King's horse go that way. 

"A Srst-rate galloper, small-hoofed, five feet high; tail three 
feet and a half long; cheek pieaes of the bit of twenty-three carat 
gold; shoes silver?" said Zadig. 

" Which way did he go ? Where is he I " cried the grand hnnts- 
nian, 

"I have not seen anything of the horse, and I never heard of 
hira before," replied Zadig. 

The grand bantaman and the chief ennneh made snre tliat Zadig 
had stolen both the King's horse and the Queen's spaniel, so they 
haled him before the High Court of Desterham, which at once con- 
demned him to the knout, and transportation for lite to Siberia. 
But the sentence was hardly pronounced when the lost horso and 
spaniel were fonnd. So the jndges were under the painful necpssity 
of reconsidering their decision ; hut they fined Zadig four hundred 
onaces of gold for saying he bad seen that which he had not 

Tlie first thing was to pay the fine ; afterwards Zadig was per- 
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nitted to open bis defence to the court, which he did in the foUoir- 

ing terns : 

" Stars of juHtioe, abjasea of knowledge, miirore of tmtb, whose 
grSTlty is as that of lead, whose inflesibilitj U as tbat of iron, who 
rival the diamond in oloamcss, and possess no little affinity with 
gold ; siDoe I am porniiUed to address joiir angnst assemblj, 1 
swear by Ormuzd that 1 have never seen the respectable lad; dog 
of the qaeeu, nor beheld tbe sucrosanot horse of the King of Eings. 

" This is what happened. I was taking a walk towards (h« 
iittle wood near which I sobaeqaentlj had the honon.r to meet tlie 
venerable chief enuuch and the most illiistrioas grand hnntsinan. I 
noticed tbe track of an aniinal in the sand, and it was eosj to see 
tbat it was that of a small dog. Long faint streaks opon the little 
elovatioDS of sand between tbe footmarks convinced me tbat it was 
& she dog with pendent dogs, sbowing that she must have had pup- 
pies not maoj days since. Other scrapings of the sand, which 
alwajTB lay close to the marks of tbe forepaws, indicat«d tbat she 
bod very long ears; and, oa tbo imprint of one foot was always 
fainter than those of the other three, I judged that the lady dog ot 
oar august Queen was, if I may venture to say so, a little lame. 

" With respect to the horse of the King of Kings, permit me to 
observe that, wandering through the paths which traverse the 
wood, I notioed tbe marks of horse-shoes. They were all equi- 
distant. 'Ah I' said I, 'this is a famous galloper.' In a narrow 
alley, only seven feet wide, the dust upon the trunks of the trees 
was a little disturbed at three feet and a half from the middle of the 
path. ' This borae,' said I to niyseif, 'bad a tail three feet and a 
half long, and, lashing it from one side to the other, ho has swept 
away tbe du^it.' Branches of the trees met overhead at the height 
of five feet, and under them I saw nowly fallen leaves; so I knew 
that the horse bad brushed some of tbe branches, and was therefore 
five feet high. As to his hit, it must have been made of twenty- 
three carat gold, for he bad robbed it against a stone, which tamed 
oat to be a touchstone, with tbe properties of which I am familiar 
by experiment. Lastly, by the marks which bis shoes leit upon 
pebbles of another kind, I was led to think that bis shoes were of 
fine silver." 

All tbe judges admired Zadlg's profound and subtle discern- 
ment; and tbe fame of it reached even tbe Sing and tbe Queen. 
^rom tbe ante-rooms to the presence-chamber, Zadig's name was 
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in 6Terybodj'B month ; aad, althongh many of the magi were of 
opinion that lie oagbt Co be burat as a sorcerer, the Sing com- 
manded that the four handrod ouncoa of gold which he hnd been 
finod should he restored to him. So the offiaers of the ooart went 
in state with the foar handred ounoes; only thej retLdned three 
hundred and niaety-eight for legal expenses, aod their eervants ex- ■ 
pected fees. 

Those who are interested in learning more o£ the fate- 
ful history of Zadig must turn to the original ; we are 
dealing with him only aa a philosopher, and thia brief 
excerpt suflaces for the exemplification of the nature of 
his conclueionB and of the method by which he arrived 
at them. 

These conclttBions may be said to be of the nature of 
retrospective prophecies ; though it is perhaps a little 
hazardous to employ phraseology which perilously sug- 
gests a contradiction in terms — the word " prophecy " 
being so constantly in ordinary use restricted to " fore- 
teUJng," Strictly, however, the term prophecy as mucli 
applies to outspeaking as to foretelling ; and, even in the 
restricted sense of "divination," it is obvions that the 
essence of the prophetic operation does not lie in its 
backward or forward relation to the course of time, but 
in the fact that it is the apprehension of that which lies 
out of the sphere of immediate knowledge ; the seeing of 
that which to the natural sense of the seer is invisible. 

The foreteller asserts that, at some future time, a 
properly situated observer will witness certain events; 
the clairvoyant declares that, at this present time, certain 

tare to be witnessed a thousand miles away ; the 
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itroepectire prophet (would that there were sncli a word 
backteller 1 ") affirms that so many honrs or yeara 
ago, each and each things were to be seen. In all theee 
cases, it is only the relation to time which alters — the 
process of divination beyond the limita of possible direct 
knowledge remains the same. 

No doubt it was their instinctive recognition of the 
analogy between Zadig's results and those obtained by 
anthorised inspiration which inspired the Babylonian 
magi with the desire to bum the philosopher. Zadig 
admitted that he had never either seen or heard of the 
horse of the king or of the spaniel of the queen ; and 
yet lie ventured to assert in the most positive manner 
that animals answering to their description did actually 
:Bt, and ran abont the plains of Babylon. If hia 
lethod was good for the divination of the coarse of 
events ten hours old, why should it not be good for 
those of ten years or ten centuries past ; nay, might it 
not extend to ten thousand years and justify the impi- 
ous in meddling with the traditions of Oannes and the 
fish, and all the sacred foundations of Babylonian cos- 
mogony ? 

But this was not the worst. There was another con- 
sideration which obviously dictated to the more thought- 
|fal of the magi the propriety of burning Zadig out of 
mand. His defence was worse than his offence. It 
■bowed that hia mode of divination was fraught with 
Bauger to magianism in general. Swollen with the 
Bride of human reason, he had ignored the established 
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canons of magian lore ; and, tntBting to what after all 
was mere carnal common sense, he professed to lead 
men to a deeper insight into nature than magian wis- 
dom, with all its lofty antagonism to eveiything com- 
mon, had ever reached. What, in fact, lay at the 
foundation of all Zadig's arguments but the coarse com- 
monplace assumption, upon which every act of our 
daily lives is based, that we may conclude from an ef- 
fect to the pr&existence of a cause competent to pro- 
duce that efEeet? 

The tracks were exactly like those which dogs and 
horses leave; therefore they were the effects of euch 
animals as causes. The marks at the sides of the fore 
prints of the dog track were exactly such as would be 
produced by long trailing ears ; therefore the dog's long 
ears were the causes of these marks — and so on. Koth- 
ing can be more hopelessly vulgar, more unhke the ma- 
jestic development of a system of grandly unintelligible 
conclusions from sublimely inconceivable premisses, such 
as dehghts the magian heart. In fact, Zadig's method 
was nothing but tlie method of all mankind. Eetro- 
spective prophecies, far more astonishing for their mi- 
nute accuracy than those of Zadig, are familiar to those 
who have watched the daily life of nomadic people. 

From freshly broken twigs, crushed leaves, disturbed 
pebbles, and imprints hardly discernible by the nntrained 
eye, such graduates in the University of Nature will 
divine, not only the fact that a party has passed that 

■, but its strength, its composition, the course it took, 
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^■tOtd the number of bonrB or days whidi bave elapsed 
iince it passed, Bnt they are able to do this becaase, 
like Zadig, they perceive endless minute difierences ■ 
where untrained eyee discern nothing ; and because the 
unconscious logic of cominon sense compels them to 
account for these effects by the eanses which they know 
t to be competent to produce them. 

And such mere methodised aavageiy was to discover 
the hidden things of nature better than d prioH de- 
ductions from the nature of Ormuzd — ^perhaps to give 
a history of the past, in which Oaunee would be alto- 
gether ignored ! Decidedly it were better to bum this 
man at once. 

If instinct, or an unwonted use of reason, led Moab- 
dar's magi to this concluBion two or three thousand 
years ago, all that can be said is that subseq^uent history 
has fully justified them, Tor the rigorous application 
of Zadig's logic to the resulta of accurate and long-con- 
tinued observation has founded all those sciences which 
have been termed historical or palaetiologieal, because 
they are retrospectively prophetic and strive towards 
the reconstruction in human imagination of events which 
have vanished and ceased to be. 

History, in the ordinary acceptation of the word, is 
based upon the interpretation of documentary evidence j 
and documenta would bave no evidential value unless 
istorians were justified in tlieir assumption that they 
fave come into existence by the operation of causes simi- 
' to those of which documeuts are, iu our proaent 
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experience, the effects. If a written history can be pro- 
duced otherwise than bj human agency, or if the man 
who wrote a. given document was actuated by other than 
ordinary human motives, such documents are of no more 
evidential value than so many arabesques. 

ArchEeology, which takes up the thread of history 
beyond the point at which documentary evideoeo fails 
UE, could have no existence, except for our well-grounded 
confidence that monuments and works of art or artifice, 
have never been produced by causes different in kind 
from those to which they now owe their origin. And 
geology, which traces back the course of history beyond 
the limits of archfeology, could tell ub nothing except 
for the assumption that, millions of years ago, water, 
heat, gravitation, friction, animal and vegetable life, 
caused efEects of the same kind as they do now. Nay, 
even physical astronomy, in so far as it takes us back 
to the uttermost point of time which palsetiologieal sci- 
ence can reach, is founded upon the same assumption. 
If the law of gravitation ever failed to be true, even 
to the smallest extent, for that period, the calcnlationa 
of the astronomer have no application. 

The power of prediction, of prospective prophecy, is 
that wliifh is commonly regarded as the great preroga- 
tive of physical science. And truly it is a wonderful 
fact that one can go into a shop and buy for small price , 

a book, the " Nautical Almanac," which will foretell the ' 

exact position to be occupied by one of Jupiter's moons 
flix months hence ; nay more, that, if it ^per^ worth I 
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while, the ABtroiiomer Koyal could furnish 
infiillihle a prediction applicable to 1980 or 2980. 

Bnt astronomy is not less remarkable for its power 
of retrospective prophecy. 

Thales, oldest of Greek philosophers, the dates of 
whose birth and death are nncertain, but who flouriahed 
about 600 B. 0., is said to have foretold an eclipse of the 
sun which took place in his time during a battle between 
the Medea and the Lydians. Sir George Airy has wril^ 
ten a very learned and interesting memoir* in which 
he proves that such an eclipse was visible in Lydia on the 
afternoon of the 28th of May in the year 535 b. c. 

No one doubts that, on the day and at the hour 
mentioned by the Astronomer Royal, the people of 
Asia Minor saw the face of the sun totally obscured. 
But, though we implicitly believe this retrospective 
prophecy, it ia incapable of verification. In the total 
absence of historical records, it is irapossible even to 
e any means of ascertaining directly whether 
the eclipse of Thales happened or not. All that can 
be said is, that the prospective prophecies of the aatron- 
omer are always verified ; and that, inasmuch as hifl 
retrospective prophecies are the result of following back- 
wards, the very same method as that which invariably 
leads to verified results, when it is worked forwards, 
tiiere is as much reason for placing full confidence in 
tie one as in the other. Eetrospective prophecy ifl t 

•"On the Edipaeaof Agatbocles, ThaleB, and Xer^ea," FhiliMopMcal 
7V(m*a«tii»u, vol. cxlUi. 
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refore a legitimate ftmction of astronomical Bcience ; 
sad if it ia legitimate for one ecieace it is legitimate 
for all ; the fandamental axiom on which it rests, the 
coQBtancy of the order of nature, being the common 
foandation of aU scientific thought. Indeed, if there 
can be grades in legitimacy, certain branches of science 
have the advantage over aatronomy, in so far as their 
retrospective prophecies are not only susceptible of veri- 
fication, but are sometimes strikingly verified. 

Such a science exists in that apphcation of the prin- 
ciples of biology to the interpretation of the animal 
and vegetable remains imbedded in the rocks which com- 
pose the surface of the globe, which is called Pakeontology. 

At no very distant time, the question whether these 
Bo-called "fossils" were really the remains of animals 
and plants was hotly disputed. Very learned persons 
maintained that they were nothing of the kind, but a 
Bort of concretion, or crystallisation, which had taken 
place within the atone in which they are found ; and 
which simulated the forms of animal and vegetable life, 
just as frost on a window-pane imitates vegetation. At 
the present day, it would probably be impossible to find 
any sane advocate of this opinion ; and the fact is rather 
surprising, that among the people from whom the circle- 
squarerg, perpetnal-motioners, flat-eartb men and the like, 
are recruited, to say nothing of table-turners and spirit- 
rappers, somebody has not perceived the easy avenue to, 
nonsensical notoriety open to any one who will take np 
, fikB good old doctrine, that fossils are all Imua naturw. 
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Tlie poeition would be impregnable, inasmuch 
is quite imposeible to prove the contrary. If a man 
choose to maintain that a fossil oyster ehell, in spite of 
ite correapondenco, down to every minuteat particolar, 
with that of an oyster fresh taken out of the sea, was 
never tenanted by a living oyster, but is a miaeral con- 
cretion, there is no demonstrating his error. All that 
can be done is to show him that, by a parity of reason- 
ing, he is bound to admit that a heap of oyster shells 
outside a fishmonger's door may also be " sports of na- 
ture," and that a mutton bone in a duat-bia may hava 
bad the like origin. And when you cannot prove that 
1 people are wrong, but only that they are absurd, the 
best course is to let them alone. 

The whole fabric of palasontology, in fact, falls to 

the ground unless we admit the validity of Zadig's great 

principle, that like effects imply lite causes; and that 

the process of reasoning from a shell, or a tooth, op a 

bone, to the nature of the animal to which it belonged, 

rests absolutely on the assumption that the likeness of 

this shell, or tooth, or bone, to that of some animal with 

which we are already acquainted, is such that we are 

justified in inferring a corresponding degree of likeness 

in the rest of the two organisms. It is on this veiy 

I simple principle, and not upon imaginary laws of physio- 

I logical correlation, about which, in most cases, we know 

■ nothing whatever, that the so-called restorations of the 

jontologist are based. 

Abundant iUnstrations of this truth will occur ta 
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every one who is familar with paleontology; none is 
more enitaWe than the case of the so-called Bdemnites. 
In the early days of the etndy of fossils, this name was 
given to certain elongated stony bodies, ending at one 
extremity in a conical point, and truncated at the other, 
which were commonly repnted to be tbnnderbolts, and 
as snch to have descended from the sky. They are 
common enough in some parts of England ; and, in the 
condition in which they are ordinarily found, it might 
be difficult to give satisfactory reasons for denying them 
to be merely mineral bodies. 

They appear, in fact, to consist of nothing but con- 
centric layers of carbonate of lime, disposed in sub- 
crystaliine fibres, or prisnie, perpendicular to the layers. 
Among a great number of specimens of these Belem- 
nites, however, it was soon observed that some showed 
a conical cavity at the blunt end ; and, in still better 
preserved specimens, this cavity appeared to be divided 
into chambers by delicate saacer-shaped partitions, sitn- 
sted at regular intervals one above the other. Now 
there is no mineral body which presents any stmcture 
comparable to this, and the conclusion suggested itself 
that the Belemnites mnst be the effects of causes other 
than those wliich are at work in inorganic nature. On 
close examination, the sancer - shaped partitions were 
proved to be all perforated at one point, and the per- 
forations being situated exactly in the same line, the 
chambers were seen to be traversed by a canal, or si- 
, which thus connected the smallest or apical 
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cbamber with the largeut. There la nothing like thia 
in the vegetable world ; but an exactly eorreeponding 
structure is met with in the shells of two kinds of exist 
ing animals, the pearly Ifwutilus and the Sjnrula, and 
onlj in them. Theao animala belong to the eame di- 
Tision — the Cephalopoda — as the cuttle-fish, the eqnid, and 
the octopus. But they are the only existing members 
of the group which possess chambered, siphunculated 
Bhella; and it is utterly impoBsible to trace any physio- 
logical connection between the very peculiar Btmctnral 
characters of a cephalopod and the presence of a cham- 
bered shell. In fact, the squid has, instead of any such 
shell, a horny "pen," the cuttle-fish has the so-called 
"euttle-bone," and the octopus has no shell, or, at 
moBt, a mere rudiment of one. 

Nevertheless, seeing that there is nothing in natim 
at all like the chambered shell of the Belemnite, except 
the ahellfl of the Nautilus and of the Spirula, it was 
legitimate to prophesy that the animal from which the 
fossil proceeded must have belonged to the group of the 
Cephalopoda. Nautilus and Spirula are both very rare 
animals, but the progress of investigation brought to 
light the singular fact, that, though each has the charac- 
teristic cephalopodous organisation, it is very difierent 
from the other. The shell of Nautilus is external, that 
of Spirula internal ; Naulilus has four gills, Spirula 
two ; Nautilus has multitudinous tentacles, Spirula has 
only ten arms boset with homy rimmed suckers ; ^>i/rula^ 
like the squids and cuttle - iishes, which it closely re- 



^ffi^THE METHOD OF ZADIQ. 149 

Bembles, has a bag of ink which it sqnirta out to cover 
jta retreat when alarmed ; Nautilus lias none, 

No amount of physiological reasoning coTild enable 
any one to say whether the animal wbicli fabricated the 
Belemuite was more hke Ifautilus, or more like SpiruUi. 
Bnt the accidental discovery of Belemnites tn due con- 
nection with black elongated maBses which were cer- 
tainly fossilised ink-bags, inasmuch as the ink could be 
ground up and used for painting as well as if it were 
recent sepia, settled the question; and it became per- 
fectly safe to prophesy that the creature which fabricated 
the Belemnite was a two-gilled cephalopod with suckers 
on its arms, and with all the other essential features 
of our living equidfl, cuttle-fishes, and Spirulw. The 
paleontologist was, by this time, able to speak as confi- 
dently about the animal of the Belemnite, as Zadig 
was respecting the queen's spanieL He could give a 
very fair description of its external appearance, and even 
enter pretty fully into the details of ita internal organi- 
sation, and yet could declare that neither he, nor any 
one elee, had ever seen one. And as the queen's spaniel 
was found, so happily haa the animal of the Belemnite ; 
a few exceptionally preserved specimena having been 
discovered, which completely verify the retrospective 
prophecy of those who interpreted the facts of the case 
by due application of the method of Zadig. 

These Belemnites flourished in prodigious abundance 
in the seas of the raesozoie or secondary age of the 
world's geological history; but no trace of them has 
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jen found in any of the tertiary deposits, and they 
" appear to Iiave died ont towards the cloee of the mesozoic 
epoch. The method of Zadig, therefore, applies in fnU 
force to the events of a period which is immeaaarably 
remote, which long preceded the origin of the most 
conBpicnous mountain massee of the present world, and 
the depositiou, at the bottom of the ocean, of the rocks 
which form the greater part of the soil of our present 
continents. The Euphrates itself, at the month of which 
Oannes landed, is a thing of yesterday compared with a 
Belemnite; and even the liberal chronology of Magian 
cosmogony fixes the beginning of the world only at a 
time when other applications of Zadig'e method afiord 
convincing evidence that, could we have been there to 
Bee, things wonld have looked very mnch as they do 
now. Truly the magi were wise in their generation; 
they foresaw rightly that this pestilent application of 
the principles of common sense, inangnrated by Zadig, 
wonld be their min. 

But it may be Baid that the method of Zadig, which 
is simple reasoning from analogy, do^ not account for 
the most striking feala of modem palseontology — the re- 
construction of entire animals from a tooth or perhaps 
a fragment of a bone ; and it may be justly urged that 
Cuvier, the great master of this kind of investigation, 
gave a very different account of the process which 
jrielded «nch remarkable resalts. 

Onvier is not the first man of ability who has failed 
k make hie own mental processes clear to himself, and 
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he will not be the last. The matter can be easily tested. 
Search the eight volumes of the "BechercheB snr lea 
OEsemenB foasiles " from cover to cover, and nothing but 
the application of the method of Zadig will be found 
ill the argnments by which a fragment of a skeleton is 
made to reveal the characters of the animal to which it 
belonged. 

There is one well-known case which may represent 
all. It is an excellent illnstration of Covier'a sagacity, 
and he evidently takes some pride in telling his story 
abont it. A split slab of stone arrived from the quarries 
of Montmartre, the two halves of which contained the 
greater part of the skeleton of a small animal. On care- 
ful examinations of the characters of the teeth and of the 
lower jaw, which happened to be exposed, Cuvier assured 
himself that they presented snch a very close resemblance 
to the corresponding parts in the living opossums that he 
at once assigned the fossil to that genus. 

Now the opossums are unlike most mammals in that 
they possess two bones attached to the fore part of the 
pelvis, which are commonly called "marsupial bones." 
The name is a misnomer, originally conferred because it 
was thought that these bonea have something to do with 
the support of the ponch, or marsnpinm, with which 
some, but not all, of the opossnms are provided. As a 
matter of fact, they have nothing to do with the support 
of the ponch, and they exist as ranch in those opossums 
which have no pouches as in those which possess them. 
In tmth, no one knows what the use of these hones may 
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be^ nor has anj valid theory of their phjeiological import 
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yet been snggeetod. And if we have no knowledge of 
the physiological importance of the bones themeelvee, it 
is obviously absurd to pretend that we are able to give 
pliygiological reasons why the presence of these bonee is 
associated with certain pecnliaritiea of the teeth and of 
the jaws. If any one knows why four molar teeth and 
an inflected angle of the jaw are veiy generally found 
along with marsupial bones, he has not yet communicated 
that knowledge to the world. 

If, however, Zadig was right in conclnding from the 
likeness of the hoof-prints which he observed to a horse's 
that the creature which made them had a tail like that of 
a horse, Curier, seeing that the teeth and jaw of his fossil 
were just like those of an opossum, had the same right to 
1 conclude that the pelvis would also be like an oposenm's; 
and so strong was his conviction that this retrospective 
prophecy, about an animal which he had never seen 
before, and which had been dead and buried for millions 
of years, would be verified, that he went to work upon 
the slab which contained the pelvis in confident expeotai- 
tion of finding and laying bare the "marsupial bones," 
j to the satisfaction of some persons whom he had invited 
' to witness their disinterment. As he says : — " Cette ope- 
ration se fit en pr&ence de quelqnes personnes & qni j'en 
avals imnonc^ d'avance le r&^ultat, dans I'intention de leur 
prouver par le fait la justice de nos theories Koologign^ ; 
puisque le vrai cachet d'une throne est sans contredit la 
acnlt^ qu'elle donne de prfivoir les ph6nom6nes." 
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^H In the " OsEemeus foesiles " Cnvier leaves his puper 
"Ofit as it first appeared io the " Annalea du MiiB^um," 
as "a curioas monument of the force of zoological laws 
and of the use which maj be made of tliem." 

Zoological laws truly, but not physiological laws. If 
one Bees a live dog's head, it is extremely probable that 
a dog's tail is not far off, though nobody can say why 
that sort of head and that sort of tail go together ; what 
physiological connection there is between the two. So, 
in the case of the Montmartre fossil, Cuvier, finding a 
thorough opoEBum's head, concluded that the pelvis also 
would be like au opossum's. But, most assuredly, the 
most advanced physiologist of the present day could 
throw no light on the question why these are associated, 
nor could pretend to affirm that the existence of the one 
is necessarily connected with that of the other. In fact, 
had it BO happened that the pelvis of the fossil had been 
originally espoeed, while the head lay hidden, the pres- 
ence of the " marsupial bones," however like they might 
have been to an opossum's, would by no means have 
warranted the prediction that the skull would turn out 
to be that of the opossum. It might just as well have 
been like that of some other Marsupial ; or even like 
that of the totally Tlifferent gronp of Monotremes, of 
which the only living representatives are the Echidna 
and the Oraithorhynchus. 

For all practical purposes, however, the empirical 
laws of co-ordination of structures, which are embodied 
in the generalisations of morphology, may be confidently 



i 
I 



ON THE METHOD OF ZADIG. 



ted, if employed with due cantion, to lead to a jnEt 
interpretation of fossil remains; or, in other wordfi, we 
may look for the verification of the retrospectire prophe- 
cies which are based npoa them. 

And if this be the case, the late advances which have 
been made in palffiontological discovery open out a new 
Seld for such prophecies. For it baa been ascertained 
with respect to many groups of animals, that, as we trace 
Uiein back in time, their ancestors gradually cease to ex- 
hibit those special modifications which at present charac- 
terise the type, and more nearly embody the general plan 
of the group to which they belong. 

Thus, in the well-known caae of the horse, the toefl 
which are suppressed in the living horse are .found to be 
more and more complete in the older members of the 
group, until, at the bottom of the Tertiary series of 
America, we find aa equine animal which has four toes 
in front and three behind. No remains of the Lorse 
tribe are at present known from any Mesozoic deport. 
Yet who can doubt that, whenever a sufficiently exten- 
sive series of lacustrine and fiuviatile beds of that age 
becomes known, the lineage which has been traced thus 
far wiU be continued by equine quadrupeds with an in- 
creasing number of digits, until the horse type merges in 
the five-toed form towards which these gradations point ? 

But the argument which holds good for the horse, 
holds good, not only for all mammals, but for the whole 
animal world. And aa the study of the pedigrees, or 
lines of evolution, to which, at present, wo have access, 
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brings to light, aa it assnrcdly will do, the laws of that 
proeeBs, we ehaU be able to reason from the facte with 
■which the geological record fumiehes ua to those which 
have hitherto remained, and many of which, perhaps, 
may for ever remain, hidden. The same method of 
reasoning which enables us, when furnished with a frag- 
ment of an extinct animal, to prophesy tlie character 
which the whole organism exhibited, will, sooner or 
later, enable ns, when we know a few of the later terms 
of a genealogical series, to predict the nature of the 
earlier terms. 

In no very distant futnre, the method of Zadig, ap- 
plied to a greater body of facts than the present genera- 
tion is fortunate enough to handle, will enable the biolo- 
gist to reconstruct the scheme of life from its beginning, 
and to speak as confidently of the character of long ex- 
tinct living beings, no trace of which has been preserved, 
u Zadig did of the queen's spaniel and the king's 
hone. Let us hope that they may be better rewarded 
toe their toil and their sagacity than was the Babylonian 
piiUoeopher ; for perhaps, by that time, the Magi also 
may be reckoned among the members of a forgotten 
Fanna, extinguished in the struggle for existence against 
their great rival, common sense. 



vn. 

DN THE BOEDER TERRITOET BETWEEN 
THE ANIMAL AND THE VEGETABLE 
KINGDOMS. 



Is the whole history of scieDce there is nothing more 
' ^markable than the rapidity of the growth of biological 
knowledge within tlie last half-centnry, and the extent 
of the modification which haa thereby been effected in 
some of the fundamental conceptions of the naturalist. 
In the second edition of the " R^gne Animal," pub- 
lished in 1828, Cnvier devotes a special sectioa to the 
" DiviBion of Organised Beings into Animals and Vege- 
tables," in which the question is treated with that com- 
prehensiveness of knowledge and clear critical judgment 
which characterise his writings, and justify qb in regard- 
ing them as representative expressions of the most esiten- 
sive, if not the profoundest, knowledge of his time. He 
tells us that living beings have been subdivided from 
the earliest times into animated beings, which possess 
sense and motion, and inawimated heinffs, which are 
devoid of these functions, and simply vegetate. 
I^^H Although the roots of plants direct themselves 
^^Bpwardfi moisture, and their leaves towards air and light, 
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idthoDgh tihe parts of some plants exhibit oscillating 
^lovementB without any perceptible cause, and the leaves 
of others retract when touched, — jet none of these 
movements justify the ascription to plants of perception 
or of will. From the mobility of animals, Cuvier, with 
his characteristic partiality for teleological reasoning, de- 
duces the necessity of the existence in them of an aliment- 
ary cavity, or reservoir of food, whence their nutrition 
may be drawn by the vessels, which are a sort of internal 
roots ; and, in the presence of this alimentary cavity, he 
naturally sees the primary and the most important dia- 
tinction between animals and plants. 

Following out hia teleological argument, Cuvier re- 
marks that the organisation of this cavity and its appnr- 
tenancea must needs vary according to the nature of the 
aliment, and the operations which it has to undergo, 
before it can be converted into substances fitted for 
absorption ; while the atmosphere and the earth supply 
plants with juices ready prepared, and which can be 
absorbed immediately. As the animal body required 
to be independent of heat and of the atmosphere, there 
were no means by which the motion of its fluids conld 
be produced by internal causes. Hence arose the second 
great distinctive character of animals, or the circulatory 
system, which is less important than the digestive, since 
it was unnecessary, and therefore is absent, in the more 
simple animals. 

Animals further needed muscles for locomotion and 
nerves for sensibihty. Hence, says Cuvier, it was neoea- 
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saiy that the chemical composition of the animal body 
should be more complicated than that of the plant; and 
it is BO, ioafimDch ae an additional EiibBtance, nitrogen, 
enters into it as an essential element ; while, in plants, 
nitrogen is only accidentally joined with the three other 
fundamental constituents of organic beings — carbon, hy- 
drogen, and oxygen. Indeed, he afterwards affirms that 
nitrogen is peculiar to animals ; and herein he places 
the third distinction between the animal and the plant. 
The soil and the atmosphere supply plant* with water, 
composed of hydrogen and oxygen; air, consbting of 
nitrogen and oxygen; and carbonic acid, containing 
carbon and oxygen. They retain the Iiydrogen and the 
carbon, exhale the Guperfluous oxygen, and absorb little 
or no nitrogen. The essential character of vegetable life 
is the exhalation of oxygen, which is effected through 
the agency of light. Animals, on the contrary, derive 
their nonrishment either directly or indirectly from 
plants. They get rid of the superfluons hydrogen and 
earbon, and accumulate nitrogen. The relations of plants 
and animals to the atmosphere are therefore inverse. 
The plant withdraws water and carbonic acid from the 
atmosphere, the animal contributes both to it. Kespira- 
tion — that is, the absorption of oxygen and the exhala- 
tion of carbonic acid — is the specially animal function 
of animals, and constitutes their fourth distinctive cbar- 
, acter. 

Thus wrote Cuvier in 182S. But, in the fourth and 
ii decades of this century, the greatest and most rapid 




AlIDfALS AND PLANTS. 

revolntion which biological science has ever undergone 
was effected by the application of the modem micro- 
scope to the inveBtigation of organic etmcture ; by the 
introduction of exact and easily manageable methods 
of conducting the chemical analysis of organic com- 
pounds ; and finally, by the employment of instruments 
of precision for the measnrement of the physical forces 
which are at work in the living economy. 

That the semi-fluid contents (which we now term 
protoplasm) of the cells of certain plants, such as the 
CharcB, are in constant and regular motion, was made 
out by Bonaventura Corti a century ago ; but the fact, 
important as it was, fell into oblivion, and had to be re- 
discovered by TreviranuB in 1807. Robert Brown noted 
the more complex motions of the protoplasm in the cells 
of Tradescantia in 1S31 ; and now such movements of 
the living substance of plants are well known to be some 
of the most widely-prevalent phenomena of vegetable life. 

Agardh, and other of the botanists of Cuvier'a gen- 
eration, who occupied themselves with the lower plants, 
had observed that, under particular circumstanceB, the 
contents of the cells of certain water-weeds were set 
free, and moved about with considerable velocity, and 
with all the appearances of spontaneity, as locomotive 
bodies, which, from their similarity to animals of sim- 
ple organisation, were called " zoospores." Even as late 
as 1845, however, a botanist of Schleiden's eminence 
dealt very sceptically with these statements; and his 
Boepticism was the more justified, since Ehrenberg, in 
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^B his elaborate and comprehensive work on tlie Infusoria, 
had declared the greater nnmber of what are now rec- 
ognised as locomotive plants to he animals. 

At tlie present day, innnmerable plants and free 

I plant cells are known to pass the whole or part of their 
lives in an actively locomotive condition, in no wise 
distinguishable from that of one of the simpler animals; 
and, while in this condition, their movements are, to all 
appearance, as spontaneonS' — ^aa much the prodnct of 
volition — as those of such animals. 

Hence the teleological argument for Cnvier's first 
diagnostic character — the presence in animals of an ali- 
mentary cavity, or internal pocket, in which they can 
carry about their nutriment — has broken down, so far, 
at least, as his mode of stating it goes. And, with the 
advance of microscopic anatomy, the nniversality of the 

■ fact itself among animals has ceased to be predicable. 
Many animals of even complex structure, which live 
parasitically within others, are wholly devoid of an ah- 
mentary cavity. Their food is provided for them, not 
only ready cooked, but ready digested, and the alimentary 
^^ canal, become superfluous, has disappeared. Again, the 
^^B '°'»'es of most Rotifers have no digestive apparatus ; as 
^^B a German naturalist has remarked, they devote them- 
^Bselves entirely to the " Minnedienst," and are to be reck- 
^^^^ed among the few realisations of the Byronic ideal of 
^^p-fo^er. Finally, amidst the lowest forms of animal 
■^ the speck of gelatinous protoplasm, which consti- 
I the whole body, has no permanent digestive cav- 
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ity or mouth, but takes in its food anywliere ; and di- 
gests, 80 to speak, all over its bodj. 

Bnt altbongh Cuvier's leading diagnoeis of the ani- 
mal from the plant will not stand a strict test, it remains 
one of the most constant of the distinctive characters 
of animals. And, if we substitute for the possession of 
an alimentary cavity, the power of taking solid nntri- 
ment into the body and there digesting it, the definition 
80 changed will cover all animals, except certain para- 
sites, and the few and exceptional cases of non-parasitic 
animals which do not feed at all. On the other hand, 
the definition thus amended will exclude all ordinary 
vegetable organisms. 

Cu^ier himself practically gives up his second dis- 
tinctive mark when he admits that it is wanting in the 
simpler animals. 

The third distinction is based on a completely er- 
roneous conception of the chemical differences and re- 
semblances between the constituents of animal and vege- 
table organisms, for which Cuvier is not responsible, as 
it was current among contemporary chemists. It is 
now established that nitrogen is as essential a constitu- 
ent of vegetable as of animal living matter; and that 
the latter is, chemically speaking, just as complicated as 
the former. Starchy substances, cellulose and sugar, 
once supposed to be exclusively confined to plants, are 
now known to be regular and normal products of ani- 
mals. Amylaceous and saccharine substances are largely 
mannf actored, even by the highest animals ; cellulose is 
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Trideepread as a constituent of the ekeletons of the lower 
animals ; and it is probable that amyloid snbstanceB are 
nnivoreally preeent in the animal organism, tbongh not 
in the precise form of starch. 

Moreover, although it remains tme that there is an 
inverse relation between the green plant in sunshine 
and the animal, in m far as, under these circumstances, 
the green plant decomposes carbonic acid and exhales 
oxygen, while the animal absorbs oxygen and exhales 
carbonic acid ; yet, the exact investigations of the mod- 
em chemical investigators of the physiological pruceeaee 
of plants have clearly demonstrated the fallacy of it- 
tempting to draw any general distinction between ani- 
mals and vegetables on this ground. In fact, the dif- 
»f6rcnce vanishes with the sunshine, even in the case of 
the green plant ; which, in the dark, absorbe oxygen 
and gives out carbonic acid like any animal.* On the 
other hand, those plants, snch as the fnngi, which con- 
tain no chlorophyll and are not green, are always, bo far 
as respiration is concerned, in the exact position of ani- 
mals. They absorb oxygen and give out carbonic acid. 

Thns, by the progress of knowledge, Cuvier's fourth 
distinction between the animal and the plant has been 
as completely invalidated as the third and second ; and 

* There U gtftj rewon to believe th&t liring pUnls, like living knimslR, 
a!w»ya respire, and, in respiring, ibaorb oxypcn and give off carbonic add ; 
but, tliat in greea planli etpoaed t» daylight*r to the electric light, lie 
quantit; of oiygen evolTcd in consequcQce of the docompoBltion of carbaue 

acid bj • special appnnituB which green plaaU poBsesB eioeedi thai ib- 

«orb«d in the concurrent respiratory proceu. 
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even the first can be retained only in a modified form 
and subject to exceptions. 

But has the advance of biology eimply tended to break 
down old distinctions, withont establishing new ones ( 

With a qualification, to be considered presently, the 
answer to this question is nndonbtedly in the affirma- 
tive. The famous researches of Schwann and Schlei- 
den in 1837 and the following years, founded the mod- 
em science of histology, or that branch of anatomy 
which deals with the ultimate visible structure of or- 
ganisms, as revealed by the microscope ; and, from that 
day to this, the rapid improvement of methods of inves- 
tigation, and the energy of a host of accurate observers, 
have given greater and greater breadth and firmness fo 
Schwann's great generalisatioD, that a fnndamontal nnity 
of structure obtains in animals and plants; and that, 
however diverse may be the fabrics, or dssuea, of which 
ilieir bodies are composed, all these varied structures 
iwult from the metamorphosis of morphological units 
germed e€^, in a more general sense than that in 
which ike word "cells" was at first employed), which 
are not only simihir in animals and in plants respective- 
ly, but present a close resemblance, when those of ani- 
mals and those of plants are compared together. 

The contractility which is the fundamental condi- 
tion of locomotion, has not only been discovered to 
exist far more widely among plants than was formerly 
imagined; but, in plants, the act of contraction has 
been found to be accompanied, as Dr. Bnrdon Sander- 






Bon'B interestiiig invostigatiooB have shown, by a dis- 
turbatice of the electrical state of the contractile sub- 
Btance, comparable to that which was found by Dn Boie 
Reymond to be a concomitant of the activity of ordi- 
nary tniiBcIe in animale. 

Again, I know of no test by which the reaction of 
the leaves of the Sundew and of other plants to Btimnli, 
80 fully and carefully studied by Mr. Darwin, can be 
distinguiehcd from those acts of contraction following 
upon stimuli, which are called " reflex " in animals. 

On each lobe of the bilobed leaf of Yenns's fly trap 
(Diojusa musdpula) are three delicate filaments which 
stand out at right angle from the surface of the leaf. 
Touch one of them with the end of a fine human hair 
and the lobes of the leaf instantly close together* in 
virtue of an act of contraction of part of their sub- 
stance, just as the body of a snail contracts into its shell 
when one of its "horns" is irritated. 

The reflex action of tlio snail is the resolt of the 
presence of a nervous system in the animal. A moleo- 
ular change takes place in the nerve of the tentacle, 
IB propagated to the muscles by which the body is re- i 
Itracted, and causing them to contract, the act of retrao- 
18 brought about. Of course the similarity of the 
sets oLoes not necessarily involve the conclusion that the 
oeclt^iusm by which they are effected is the same ; but 
*'g-^_gestfi a suspicion of their identity which needs care- 
'i^^'sting. 

* Darwin, " Inacotivorouii PlontB," p. 289. 
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The reaultB of recent inquiries into the strnctnre of 
the nervons ejstem of animals converge towards the con- 
clnsion that the nerve fibres, which we have hitherto 
regarded as ultimate elements of nervous tiaene, are not 
snch, but are simply the viBible aggregations of vaetly 
more atteuuated filaments, the diameter of which dwin- 
dles down to the limits of our present microscopic vifiion, 
greatly as these have been extended hy modem improve- 
ments of the microscope ; and that a nerve is, in its es- 
sence, nothing but a linear tract of specially modified 
protoplasm between two points of an organism — one of 
which is able to affect the other by means of the com- 
munication so established. Hence, it is conceivable that 
even the simplest living being may possess a nervous sys- 
tem. And the question whether plants are provided with 
a nervous system or not, thns acquires a new aspect, and 
presents the histologist and physiologist with a problem 
of extreme difBeulty, wlueh mast be attacked from a 
new point of view and by the aid of methods which 
have yet to be invented. 

Thus it must be admitted that plants may be con- 
tractile and locomotive; that, while locomotive, their 
movements may have as much appearance of spontane- 
ity as those of the lowest animals; and that many ex- 
hibit actions, comparable to those which are brought 
about by the agency of a nervous system in animals. 
And it must be allowed to be possible that further re- 
search may reveal the existence of something eompara- 
ble to a nervous system in plants. So that I know not 
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The great majority of conBpienoas plajitB are, aa 
everybody knows, green ; and tliis arises from the abun- 
dance of their ehloropliylL The few which contain no 
chlorophyll and are colourless, are unable to extract the 

■ carbon which they require from atmospheric carbonic 
acid, and lead a parasitic existence upon other plants; 
' but it by no means follows, often as the statement has 
been repeated, that the mannfacturing power of plants 
depends on their chlorophyll, and its interaction with the 

■ rays of the sun. On the contrary, it is easily demon- 
Btrated, as Pasteur first proved, that the lowest tvngi, | 
devoid of chlorophyll, or of any Enhstituto for it, as they 
are, nevertheless possess the characteristic manufacturiDg 
powers of plants in a very high degree. Only it is [ 

■ necessaiy that they should be supplied with a different 
tind of raw material; as they cannot extract carbon 
from carbonic acid, they must be furnished with some- 
thing else that contains carbon. Tartaric acid is such 
a substance; and if a single spore of the commoneet 
and most troublesome of moulds — PeniciUium — ^be sown 
in a saucerful of water, in which tartrate of ammonia, 
with a small percentage of phosphates and sulphates ie 
contained, and kept warm, whether in the dark or ex- 
.posed %^ light, it will, in a short time, give rise to a thick 

B*^"^* of jnould, which contains many million times the 
^^ight of tliB original spore, in protein compounds and 
^Jo/oae_ "^hvis we have a very ^ide basis of fact for 
*:--~^e g^De^.i-^ation that plants are easentfally cfiaracter- 
^^38s<? h^ ., irM niannfaeturing capacity — by their powep 
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of working up mere mineral matters into complex or- 
ganic compoonde. 

Contrariwise, there is a no less wide foundation 
for the generaliaation that animals, as Cuvier puts it, 
depend directly or indirectly upon plants for the ma. 
teriais of their bodies j that is, either they are her- 
bicorous, or they eat other animals which are herbi- 
vorous. 

But for what conatitnenta of their bodies are ani- 
mals thus dependent upon plants? Certainly not for 
their horny matter; nor for ehoudrin, the proximate 
chemical element of cartilage ; nor for gelatine ; nor for 
syntonin, the constituent of niUBcle ; nor for their ner- 
vous or biliary substances; nor for their amyloid matters; 
nor, necessarily, for their fats. 

It can be experimentally demonstrated that animals 
can make these for themselves. But that which they 
cannot make, but must, in all known cases, obtain di- 
rectly or indirectly frotn plants, is the peculiar nitro- 
genous matter, protein. Thus the plant is the ided 
proletaire of the Uving world, the worker who pro- 
duces; the animal, the ideal aristocrat, who mostly oc- 
cupies himself in consuming, after the manner of that 
noble representative of the line of Zahdarm, whose epi- 
taph Is written in Sartor Jiesartas. 

Here is our last hope of finding a sharp line of de- 
marcation between plants and animals ; for, as I have 
aheady hinted, there is a border territory between the 
two kingdoms, a sort of no-man's-land, the inhabitants 
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of -whicli certainly cannot bo discriminated and brought 

to their proper allegiance in any other way. 

Some months ago, Professor Tyndall asked me to 
examine a drop of infusioD of hay, placed imder an ex- 
cellent and powerful microscope, and to tell him what 
I thought Eome organisms visible in it were. I looked 
and observed, in the first place, mnltitades of Bacteria 
moving about with their ordinary intermittent spasmodie 
wriggles. As to the vegetable nature of these there ia 
now no doubt. Not only does the close resemblance of 
the Bacteria to unquestionable plants, such as the Os- 
eiUatoricBy and lower forms of Fungi, justify this con- 
clusion, but the manufacturing test settles the gu^tion 
at once. It is only needful to add a minute drop of 
fluid containing Bacteria, to water in which tartrate, 
phosphate, and sulphate of ammonia are dissolved ; and, 
in a very short space of time, the clear fluid becomes 
milky by reason of their prodigious multiplication, 
which, of course, implies the manufacture of living 
Bacteriiim.Btuff out of these merely saline matters. 

But other active organisms, very much larger than 
the Bacteria, attaining in fact the comparatively gigantic 
dimensions of -g-^-^ of an inch or more, incessantly crossed 
the field of view. Each of these had a body shaped like 
■, the small end being ehglitly incurved and pro- 
1 into a long curved filament, or cUium, of extreme 
Behind this, from the concave side of the in- 

■*tion, proceeded another long cilium, so delicate as 
^wnible only by the use of the highest powers 
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and careful management of the light. In the centre 
the pear-shaped body a clear round 6paee conld 
eionallj be discerned, bnt not always ; and careful watch- 
ing showed that this clear vacuity appeared gradually, 
and then shut up and disappeared suddenly, at regular 
intervals. Such a structure is of common occiirrence 
among the lowest plants and animals, and is known as 
a ctmiractile vacuole. 

The little creature thus described sometimes propelled 
itself with great activity, ■with a curious rolling motion, 
by the lashing of the front cilium, while the second 
ciUum trailed behind ; sometimes it anchored itself by 
the hinder cihura and was spun round by the working 
of the other, its motions resembling those of an anchor 
bnoy in a heavy sea. Sometimes, when two were in full 
career towards one another, each would appear dexter- 
ously to get out of the other's way ; sometimes a crowd 
■would assemble and jostle one another, with as much 
semblance of individual effort as a spectator on the 
Grands Unlets might observe with a telescope among the 
specks representing men in the valley of Chamounix. 

The spectacle, though always surprising, was not new 
to mc. So my reply to the question put to me was, 
that these organisms were what biologists call Monads, 
and though they might be animals, it was also possible 
that they might, like the Bacteria, be plants. My friend 
received ray verdict ■with an expression which showed a 
sad want of respect for authority. He would as soon 

ieve that a sheep was a plant. Naturally piqued by 
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this want of faith, I have tliouglit a good deal over the 
matter; and as I Btill rest io the lame conclusion I 
originally expressed, and muBt even now confess that I 
cannot certainly say whether this creature is an aninml 
or a plant, I think it may be well to state the gromids 
of my hesitation at length. But, in the first place, in 
order that I may conveniently diBtinguish this "Monad" 
from the multitude of other things which go by the 

»Bame designation, I must give it a name of its own. I 
think (though, for reasons which need not be stated at 
present, I am not quite sure) that it is identical with the 
species Monaa lens, as defined by the eminent French 
mieroscopist Dujardin, though his magnifying power was 
probably insufficient to enable him to see that it is cnri- 

»ous!y like a much larger form of monad wliich he has 
named Heteromita. I shall, therefore, call it not Monas, 
but Heteromita lens. 

I liave been unable to devote to my Jleteromita the 
prolonged study needful to work ont its whole history, 
which would involve weeks, or it may be months, of 
nnremitting attention. But I the less regret this cir- 
cumstance, as some remarkable observations recently 
published by Messrs. Dallinger and Drysdale * on certain 
Alionads, relate, in part, to a form so similar to my Bet- 
vntta lenSf that the history of the one may be need to 
wtrate that of the other. These most patient and 

■■ in the Lite-hSalOTj of a Ccroomonad : t, Leaaon in Bio- 
^nher Ree«iLrcbc8 in the Li/e-hiatorj of the MonwlB."— 
"1 Journal," 1873. 
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painstaking observers, who employed tlio lugheet attain- 
able powers of the mieroBeope and, relieving one another, 
kept watch day and night over the same individual mo- 
nads, have been enabled to trace oat the whole history 
of their Heteromita ; which they found in infusions of 
the heads of fishes of the Cod tribe. 

Of the four monads described and figured by these 
investigators, one, as I have said, very closely resembles 
Heteromita Unji in every particular, except that it has 
a Beparately distinguishable central particle or " nucleus," 
which is not certainly to be made out in Heteromita 
lens; and that nothing is said by Messrs. Dallinger and 
Dryadale of the existence of a contractile vacnole in this 
monad, though they describe it in another. 

Their Heteromita, however, muItipHed rapidly by fis- 
sion. Sometimes a transverse constriction appeared ; the 
hinder half developed a new ciliuni, and the hinder 
cilium gradually split from its base to its free end, until 
it was divided into two ; a process which, considering 
the fact that this fine filament cannot be much more 
than j - flu ^ ffna of an inch in diameter, is wonderful enough. 
The constriction of the body extended inwards until the 
two portions were united by a narrow isthmus ; finally, 
they separated and each swam away by itself, a com- 
plete Heteromita, provided with its two cilia. Some- 
times the constriction took a longitudinal direction, with 
the Bame ultimate result. In each case the process occu- 
pied not more than six or seven minutes. At this rate, 
a angle Heteromita would give rise to a thousand like 
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itself in the cooree of an honr, to about a million in 
two boars, and to a namber greater than the generally 
aasnmed nnmber of hmnaa beinge now living in tlie 
world in three hours; or, if we give each Heteromiia 
an hour's enjoyment of individaal exietence, the same 
result will be obtained in aboat a day. The apparent 
BuddennesB of tlie appearance of multitudes of each or^ 
ganismfi as tbcee, in any natritive fluid to which one 
obtains access, is thus easily explained. 

During these processes of muitiplicatioB by fission, 
the Heterorniia remains active; but sometinies another 
mode of fission occurs. The body becomes rounded and 
quiescent, or nearly so ; and, while in this resting state, 
divides into two portions, each of which is rapidly con- 
verted into an active Heteromita. 

A still more remarkable phenomenon is that kind ctf 
multiplication which is preceded by the nnion of two 
monads, by a process which is termed conjitgation. Two 
active MeteromitcB become applied to ono another, and 
then slowly and gradually coalesce into one body. The 
two nuclei mu into one ; and the mass resulting from 
the conjugation of the two HeterornitcB, thus fused to- 
gether, has a triangular form. The two pairs of cilia are 
to be seen, for some time, at two of the angles, which 
answer to the small ends of the conjoined monads ; but 
they ultimately vanish, and the twin organism, in which 
L visible traces of organisation have disappeared, falls 

a state of rest. Sudden wave-like movements of its 
) next occur; and, in a short time, the apices 
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t the tmngiilar mass buret, and give esit to a dense 
yellowish, glairy fluid, filled with minnte granules. This 
proceaa, which, it will be observed, involves the actual 
confluence and mixture of the eubstance of two distinct 
organiams, is effected in the space of about two hours. 

The authors whom I quote eay that they " cannot 
expresa" the excessive minuteness of the granules in 
qnestion, and they estimate their diameter at less thau 
TTnVtruTf of an inch. Under the highest powers of the 
microscope at present applicable such specks are hardly 
discernible. Nevertheless, particles of this size are mas- 
sive when compared to physical molecules; whence there 
is no reason to doubt that each, small as it is, may have a 
molecular structure sufficiently complex to give rise to 
the phenomena of life. And, as a matter of fact, by 
patient watching of the place at which these infinitesimal 
living particles were discharged, our observers assured 
themselves of their growth and development into new 
monads. These, in about four hours from their being 
set free, had attained a sixth of the length of the parent, 
with the characteristic cilia, though at first they were 
quite motionless; and, in four hours more, they had 
attained the dimensions and exhibited all the activity of 
the adult. These inconceivably minute particles are 
therefore the germs of the Heteromita ; and from the 
dimensions of these germs it is easily shown that the 
body formed by conjugation may, at a low estimate, have 
given exit to thirty thousand of them; a result of a 
matrimonial process whereby the contracting parties, 



r 176 ANIMALS AKD PLANTS. 



^^m without a metaphor, " become one fleeh," enongh to 

^^B make a MalthuBian d^pair of the futnre of the UniverBe. 

^^P I am not aware tbat the investigators from 'whom 

^^g I have borrowed this history have endeavoured to ascer- 

taia whether their monads take solid nutriment or not ; 

so that though they help us veiy much to fill np the 

blanks in the history of my ITeteromitat their obBerva- 

tions throw no light on the problem we are tiying to 

solve — Is it an animal or is it a plant i 

I Undoubtedly it is possible to bring forward very 
strong argnments in favour of regarding Heteromita aa a 
plant. 
For example, there is a Fungus, an obscure and 
almost microscopic mould, termed Penmospora mfe»- 
tana. Like many other Fungi, the Peronoaporas are 
parasitic upon other plants ; and this particular Perono- 
spora happens to have attained much notoriety and" po- 
litical importance, in a way not without a parallel in the 
career of notorious politicians, namely, by reason of the 
frightful mischief it has done to mankind. For it is this 
Fungus which is the cause of the potato disease ; and, 
therefore, Penmospora infesiana (doubtless of exdu- 
sively Saxon origin, though not accurately known to be 
so) brought about the Irish famiue. The plants afKicted 
with the malady are found to be infested by a monld, 
consisting of fine tubular filaments, termed hypIuB, which 
burrow through the substance of the potato plant, and 
appropriate to themselves the substance of their host; 
while, at the same time, directly or indirectly, they set 
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np cbemical changes by 'which even its woody framework 
becomeB blackened, sodden, and withered. 

In struetnre, however, the Perormspora is as much a 
mould as the common PenicUliurn. ; and just as the 
Pm,iciUium multiplies by the breaking np of its hyphie 
into eeparate ronndcd bodies, the spores ; bo, in the 
Perono^pora, certain of the hyphse grow ont into the 
air through the interstices of the superficial cells of the 
potato plant, and develop spores. Each of these hyphie 
neually givea ofE several branches. The ends of the 
branches dilate and become closed sacs, which eventually 
drop ofE as spores. The spores falling on some part of 
the same potato plant, or carried by the wind to another, 
may at once germinate, throwing out tubular prolonga- 
tiona which become hyphaj, and burrow into the sub- 
stance of the plant attacked. But, more commonly, the 
contents of the spore divide into six or eight separate 
portions. The coat of the spore gives way, and each 
portion then emerges as an independent organism, which 
has the shape of a bean, rather narrower at one end than 
the other, convex on one side, and depressed or concave 
on the opposite. From the depression, two long and 
delicate cilia proceed, one shorter than the other, and 
directed forwards. Close to the origin of these cilia, in 
the substance of the body, is a regularly pulsating, con- 
tractile vacuole. The shorter cilium vibrates actively, 
and effects the locomotion of the organism, while the 
other trails behind ; the whole body rolling on its axis 
with its pointed end forwards. 
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tinctive character of vegetable life ; or, at any rate, that 
there is no proof that it does not get its protein matter 
ready made from the potato plant. 

Let U8, therefore, take a case which is not open to 
these objectionH. 

TJiere are some small plants known to botanists as 
mombera of the genus CoUoclimte, which, without being 
truly parasitic, grow upon certain water-weeds, as lichens 
grow Qpon trees. The little plant has the form of an 
elegant green star, the branching arms of which are 
divided into cells. Its greenness is due to its chlorophyll, 
and it undoubtedly has the niannfacturing power in full 
degree, decomposing carbonic acid and setting oxygen 
free, under the influence of sunlight. But the proto- 
plasmic contents of some of the cells of which the plant 
is made up occasionally divide, by a method similar to 
that which effects the division of the contents of the 
Peeonoapora spore ; and the severed portions are then 
set free as active monad-like zoospores. Each is oval 
and is provided at one extremity with two long active 
cilia. Propelled by these, it swims about for a longer or 
shorter time, but at length comes to a state of rest and 
gradually grows into a Coleochwte. Moreover, as in the 
Peronospara, conjugation may take place and result in 
an oospore ; the contents of which divide and are set 
free as monadiform germs. 

If the whole history of the zoospores of Peronospora 
and of Coleochwte were unknown, they would undoubt- 
edly be classed among " Monads " vrith the same riglit 
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as Heteromita ; why then may not Heteromita be a 
plant, even though the cycle of forma through which it 
passes shows no terms quite bo complex as those which 
occur in Perono^ora and Ci^eochmte? And, in fact, 
there are some green organiBoiB, in every respect charac- 
teristically plants, such as ChlamydomoTias^ and the com- 
mon Volvox, or so-called " Globe animalcule," which 
ran through a cycle of forms o£ just the same aimpla 
character as those of Heteromiki. 

The name of CIdamydomonas is applied to certain 
microscopic green bodies, each of which consists of a 
protoplasmic central substance invested by a structureleea 
sae. The latter contains cellulose, aa in ordinary plants ; 
and the chlorophyll which gives the green colour enables 
the Chlamydomonas to decompose carbonic acid and fix 
carbon aa they do. Two long cilia protrude through the 
cell - wall, and efEect the rapid locomotion of tliia 
" monad," which, in all respects except its mobility, is 
characteristically a plant. Under ordinary circnmstances, 
the CJda/rmfdomonas multiplies by simple fission, each 
splitting into two or into four parts, which aeparato and 
become independent organisms. Sometimes, however, 
the C'ldamydomonas divides into eight parts, each of 
which is provided with four instead of two ciha. These 
''zoospores" conjngate in pairs, and give rise to quies- 
cent bodies, which multiply by division, and eventually 
pass into the active state. 

Thus, 80 far as outward form and the general char- 
acter of the cycle of modifications, through which the 
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^■faf-amsm paBses in tliB conree of its life, are concerned, 
I^e reBemblance between Ohlamydomonaa and ffetero- 
mita is of the closeet description. And on the face of 
^^ the matter there is no ground for refusing to admit that 
^^L^eteromita may be related to Chlamydomonaa, as the 
^BaolourleBS fungus is to the green alga. Vi^vox may be 
compared to a hollow spbere, the wall of which is made 
np of coherent Chlamydomonads ; and which progreaaes 
with a rotating motion effected by the paddling of the 
multitudinous pairs of cilia which project from its sur- 
- face. Each FbfyaB-monad, moreover, poesesses a red 
pigment spot, like the simplest form of eye known 
among animals. The methods of fissive multiplicatioa 
and of conjugation observed in the monads of this loco- 
motive globe are essentially similar to those observed in 
Chlamydomonaa ; and, though a hard battle has been 
fought over it, Vdvox is now finally surrendered to the 
Botanists. 

Thus there is really no reason why Heteromita may 
not be a plant; and this conclusion would be very sat- 
isfactory, if it were not equally easy to show that there 
is really no reason why it should not be an animaL 
For there are numerous organisms presenting the closet 
resemblance to SeteromitO; and, like it, grouped under 
^Hthe general name of "Monads," which, nevertheless, 
^^pn be observed to take in solid nntrimcnt, and which, 
^Hfterefore, have a virtual, if not an actual, mouth and 
digestive cavity, and thus come under Cuvier's deflni- 
" " "m MiimaL Nnmerous forms of such °"inmln 
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have been described bj Ehrenberg, Dujardin, H. James 
Clark, and other writers on the Infusoria. Indeed, io 
another infusion of hay in which my Heteromita lens 
occurred, there were innniaerable infusorial animalcnles 
belonging to the well-known species Colpoda eucuUzis.* 

JFull-eized specimena of this animaleule attain a length 
of between -j^ or j-J^f of an inch, bo that it may have 
ten times the length and a thousand times the mass of 
a Meierontita. In shape, it is not altogether unlike Ilei- 
eromita. The small end, however, is not produced into 
one long cilium, but the general surface of the body is 
covered with email actively vibrating ciliary organs, 
■which are only longest at the small end. At the point 
which answers to that from which the two cilia arise in 
Heteromita, there is a conical depression, the mouth ; 
and, in young specimens, a tapering filament, which re- 
minds one of the posterior ciliam of Heteromita^ pro- 
jects from this region. 

The body consists of s soft granular protoplasmic 
substance, the middle of which is occnpied by a large 
oval mass called the "nuclens;" while, at its hinder 
end, is a " contractile vacuole," conspicuous by its reg- 
ular rhythmic appearances and disappearances. Obvi- 
ously, although the Colpoda is not a monad, it differs 
from one only in subordinate details. Moreover, under 
certain conditions, it becomes quiescent, incloses itself 
in a delicate case or cyst, and then divides into two, 

* Excelleatl; described b; Stein, almost all of whoeo statemeutB I 
..jm^ TBtilied. 
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r~galp, into the pulpy central substance of the body, 
there to circniate up one side and down the other, until 
its contents are digested and assimilated. Neverthe- 
less, this complex animal multiplies by division, as the 
monad does, and, like the monad, undergoes conjuga- 
tion. It stands in the same relation to SeteroTnita on 
the animal side, as ColeochcEte does on the plant side. 
Start from either, and such an insensible series of gra- 
dations leads to the monad that it is impossible to say 
at any stage of the progress^here the line between 
the animal and the plant must be drawn. 

There is reason to think that certain organisms which 
pass through a monad stage of existence, such as the 
Myx&mycetes, are, at one time of their Kves, dependent 
upon external sources for their protein matter, or are 
animals; and, at another period, manufacture it, or are 
plants. And seeing that the whole progress of modern 
investigation is in favour of the doctrine of continuity, 
it is a fair and probable speculation — though only a 
speculation — that, as there, are some plants which can 
manufacture protein out of such apparently intractable 
mineral matters as cai'bonic acid, water, nitrate of am- 
monia, metallic and earthy salts ; while others need to 
be supphed with their carbon and nitrogen in the some- 
what less raw form of tartrate of ammonia and allied 
compounds; so there may be yet others, as is possibly 
the case with the true poraatic plants, which can only 
manage to put together materials still better prepared- — 
atiU more nearly approximated to protein — until we 
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arrive at euch organiBms as the Pam-ospemiim and the 
PanhistopJiyton, which are as much animal as vegetable 
in etnicture, but are animal in their dependence on other 
organisms for their food. 

The eingnlar circumstance observed by Meyer, that 
the Torula of yeast, though an indubitable plant, still 
flonrishea moat vigorously when supplied with the com- 
plex nitrogenous substance, pepsin ; the probability that 
the Peronaapora is noarished directly by the protoplasm 
of the potato-plant; and the wonderful facts which have 
recently been bronght to light respecting insectivoroua 
plants, all favour this view ; and tend to the conclusion 
that the difference between animal and plant is one 
of degree rather than of kind; and that the problem 
whether, in a g:iven case, an organism is an animal or 
a plant, may bo essentially insolnble. 




ON CERTAIN ERRORS RESPECTING THE 
STRUCTURE OP THE HEART ATTRI- 

»EUTED TO ARISTOTLE. 
ik ftll the oommentaries upon the " HiBtoria Ani- 
foa^nm" which I have met with, Aristotle's express 
and repeated statemeot, that the heart of man and the 
la,rgCEt animaU contains only three cavities, is noted as 
a remarkable error. Even Cuvier, who had a great 
advantage orer most of the commentators in his famili- 
arity with the subject of Aristotle's description, and 
whoso habitual caution and moderation seem to desert 
him whtiQ the opportunity of panegyrising the philoso- 
pher presents itself, is betrayed into something like a 
sneer on this topic. 

" Du rosto il n'attribne A eot orgono qno trois cavitds, crroar qai 
proQve an mnina qu'il en avait regard6 la etractare." * 

To which remark, what follows will, I think, jnstify 
the reply, that it " pronve an moins " that Cuvier bad 
not given ordinary attention, to say nothing of the care- 
ful study which they deserve, to sundry passages in the 
• "Hiatoirc Job Soionces Naturellea," i. p. 164. 
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first and the tliird books of the " Kistoria " which I 
proceed to lay before the reader. 

For conveDience of reference these passages arc 
marked A, B, C, etc.* 

I Book i. 17. — (A) " The heart has three cavities, it lies above tbe 
long on the clivisioa of the windpipe, and has a fatty and Uiick , 
membrane where it is united witb the great vein and the aorta. It 
lies upon the aorta, with its point down the obest, in all animals 
that have a chest. In nil, alike io those that have s chest and id 
those that have none, the foremost part of it is the apax. This is 
often overloolced through the turning upside down of the dissection. 
The ronnded end of the heart is uppermost, the pointed end of it ia 
largely fleabj and thick, and in its cavities there are tendons. In 
other animals which have a chest the heart lies in the middle of the 
chest ; in men, more to the left side, between the nipples, a little in- 
clined to the left nipple in the upper port of the chest. The heart 
is not large, and its general form is not elongated bnt roonded, ex- 
cept that the apex b produced into a point. 

(B) " It has, OS nlread; stated, three cavities, the largest of tbem 
is on the right, the smallest oq the loft, the middle-sized one ia the 
middle; they have all, also the two small ones, passages (rn-pmibrnf) 
towards the tung, very evidently as respects' one of the oavities. 
In the region of the union [with the great vein and the aorta] the 
largest cavity is connected with the largest vein (near which js 
the mesentery) ; the middle cavity with the aorta. 

(U) " Canals (irdpoi) from the heart pass to the lung and divide 
in the same fashion aa the windpipe does, closely accompanying 
those from the windpipe through the whole lung. The canals from 
the heart are uppermost. 

{D) " No canal is common [to the branches of the windpipe and 
those of the vein] (™aeiE J [otI Koiviis n6poc) but through those parts 

• Tho tcil I have followed ia that given by Aubcrt nnd Wimmer, 
"Ariatotelos Thierkandc : kritJBcb betiehtigter Test mit dcutschen Ueber- 
■clziing;" but I have tried here and thcru to bring the English vcidon 
rather closer (o the original than the Gerinan translation, excellent aa it is, 
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of them wbiob are in contact (r^ ain^iftp) the air passes in and tbej 
[the irSpoi] carry it to tlie hearL 

(E) " One of tho canals leads to tho right cavity, the other to 
the left." 

(F) " Of all the Adscera, the heart alone contains blood [in itself]. 
The long contains blood, not in itself but in the veins, the heart in 
iteeU ; for in each of the cavities there is hlood; the thinnest is in 
the middle cavity." 

Boole iii. 3.— (ff) "Two veins lie in the thorax alongside the 
spine, on its inner face; the larger more forwards, tie smaller 
behind; the larger more to the right, the smaller, which some call 
aorla (on acconnt of the tendinoas part of it seen in dead bodies), 
to the left. These take their origin from the heart; they pass 
entire, preserving the nature of veins, through the other viscera 
that they reach ; while the heart is rather a part of thera, and more 
especially of the anterior and larger one, which is continued into 
veins above and below, while between these is the heart. 

(S) "All hearts contain cayities, but, in those of very small 
eniinals, the largest [cavity] is hardly risible, those of middling 
size have another, and the biggest all three. 

(/) " The point of the heart is directed forwarda, as was men- 
tioned at first ; the largest cavity to the right and npper side of it, 
the smallest to the left, and the middle-sized one between these; 
both of these ore much smaller than the largest. 

(A") "They are all connected by passages (nmrlTprprrai} with 
the lung, but, on acconnt of the smallness of the canals, this is 
obscure eicept in one. 

(Z) " The great vein proceeds from the largest cavity which 
lies upwards and to the right; next through the hollow middle part 
{Sia Toil KoVuiji Tou /ilaov) it becomes vein again, this cavity being a 
part of the vein in which the blood stagnates. 

(M) "The aorta [proceeds from] the middle [cavity], but not in 
the same way, for it is connected [with the middle cavity] by a 
muoh more narrow tube {abpiyja). 

(If) "The [great] vein extends through the heart, towards the 
aorta from the heart, 

(O) " The great vein is membranous like skin, the aorta nar- 
rower than it and very tendinous, and as it eitends towards the head 
and tho lower parts it becomes narrow and altogether tendinous. 
, (P) " In the first place, a part of the great vein extends np- 
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-wards from the heart t iva 1 th 1 Dg and tbo sttachment of tiie 
aorta, the vein bei ^ 1 b ^^^ undivided. It divides into two 
parts, the ona to tb long th the to tlie spine and the lowest 
Tertebra o( the neek 

(Q) "The vein wh h t nd t the Inng first divides into two 
parta for the two hul ea ft and th n exteoda alongside each tabe 
(eipiyra) and each passage (rp^/ja), the larger beside the larger and 
the amaller be^de the smaller, ao that no part [of the long} can bo 
fonnd from which a paaaago (r/iv/'a) and a vein are absent. Tbo 
terminatioDS are invisible on acooant of their minateness, but the 
whole long appears full of blood. The canals from the vein lie 
above the tubes given off from the windpipe." 

The key to the whole of the foregoing deBcrlption of 
the heart lies in the passages {G) and {£). Thej prove 
that Aristotle, like Galen, five hundred years afterwards, 
and like the great majority of the old Greek aiiato- 
mists, did not reckon what we call the right auricle as 
a constituent of the heart at all, but as a hollow part, 
or dilatation, of the "great vein." Aristotle is careful 
to state that his obBervationa were eonductcd on sufio- 
cated animals ; and if any one will lay open the thorax 
of a dog or a rabbit, which has been killed with chlo- 
roform, in such a manner as to avoid wonnding any 
important vessel, he will at once see why Aristotle 
adopted this view. 

For, aa the subjoined figure {p. 191) shows, the vena 
cava inferior (S), the right auricle {JR.a.), and the vena 
cava superior and innominate vein ( V.I.) distended with 
blood seem to form one continuous column, to which 
the heart is attached as a sort of appendage. This 
column is, as Aristotle says, vein above («) and vein 
L below (&), the upper and the lower divisions being con- 
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A dog having been killed lij chlorofonn, enough o( the right »b11 of 
the thorax was rcinuv>:(], uithout any notable bleeding, to expone the 
thoracic TiBcera. A carefuUj measured outline sketch of the parte in 
litu WM then made, and on disaeclion, twentj-tour houra afterwards, 
the necGMsr; uutoniical details vcre added. The woodcut is a faitb- 
fullj reduced copy of the drawing thus constructed ; and it represcata 
the relations of the heart and great vesitcla as Aristotle tait them in a 
Buffocated aoinial. 

All but the inner lobe of the right liing has been removed ; as veil as the 
light half of the pericardinm and the right walls of the right autide 
and ventricle. It must be remenibered Ihat the thin transparent peri- 
cardial membrane appears nothing like so distmct in nature. 

a.b., Aristotle's " great vein " ; V.I., right vena innominata and vena cava 
superior -, b, the inferior vena cava ; Jt.a,, the " hollow middle " part of 
the great vein or the right auricle ; Ji.v', the prolongation of the cavity 
of the right ventricle B.v towards the pulmonary artery ; tr, one of the 
tricuspid valves ; Pr, the pericardium; 7.«>, superior intercostal vein ; 
.^ vena aiygos; P. .d., right pulmonary artery ; Br, right bcoochua; 
X) inner lobe of the right lung ; (^, cesophagns ; Ao, descending aorta ; 
S, liver. In seotian, with hepatic vein, vena p<irtte,aiid gall-bladder,^ 
.Mpanleil bylhe dfapbragm, ftlsoseen In section, f tool thAtban«&K«v^i. 
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Izected Siei rov koT\ov tov fUaov — or by means of tba 
K intervening cavity or chamber (^.a.) — whieli ia that 
I which we call the right auriclo. 

But when, from the four cavities of the heart reo- 
[ by us modems, one is excluded, there remain 
three — ^whieh is just what Aristotle says. The Boln- 
tion of tiio difficulty is, in fact, as absurdly simple as 
that presented by the egg of Columbus ; and any error 
there may be, is not to be put down to Aristotle, but 
to that inability to comprehend that the same fact may 
be accurately described in different ways, which is the 
special characteristic of the commentatorial muid. That 
the three cavities mentioned by Aristotle are just those 
which remain if the right auricle is omitted, is plain 
enough from what is said in {B\ (C), {E), (/), and {£). 
Tor, in a suffocated animal, the "right cavity " which is 
directly connected with the great vein, and is obviously 
the right ventricle, being distended with blood, will 
look much larger than the middle cavity, which, since 
it giyee rise to the aorta, can only be the left ventri- 
i ole. And this, again, will appear larger than the 
thin and collapsed left auricle, which must be Aris- 
totle's left cavity, inasmuch as this cavity ia said to 
^be connected by •iropoi with the lung. The reason why 
Aristotle considered the left auricle to be a part of 
the heart, while ho merged the right auricle in the 
great vein, is, obviously, the small relative size of the 
venous trunts and their sharper demarcation from the 
auricle. Galen, however, perhaps more consistently, re- 
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garded tlio left auricle also as a mere part of the " arte- 
ria venosa." Tbe canal which leads from the right cav- 
ity of the heart to the lung {or, as Aristotle puts it (^), 
from the lung to the heart) is, without doubt, the pul- 
monary artery. But it may be said that, in this case, 
Aristotle contradicts himself, inasmuch as iu (P) and 
(Q) a vessel, which is obviouBly the pulmonary artery, is 
described as a branch of the great vein. However, this 
difflcnlty also disappears, if we reflect that, in AriBtotle'a 
way of looking at the matter, the line of demarcation 
between the great vein and the heart coincides with the 
right auriculo- ventricular aperture; and that, inasmuch 
as tbe conical prolongation of the right ventricle which 
leads to the puhnonary artery {R.v' in the Fignre), lies 
close in front of the auricle, its base may very easily (as 
the figure shows) be regarded as a part of tbe general 
opening of the great vein into the right ventricle. In 
fact, it is clear that Aristotle, having failed to notice tbe 
valves of the heart, did not distinguisli the part of the 
right ventricle from which tbe pulmonary artery arises 
(li.v') from the proper trunk of the artery on the one 
hand, and from the right auricle {Jl.a.) on the other. 
Thus the root, as we may call it, of tbe pulmonary artery 
and the right am-icle, taken together, are spoken of as 
the "part of the great vein which extends upwards" 
(P); and, as the vena azjgos {As) was one branch of 
this, 80 the " vein to tbe lung " was regarded as another 
branch of it. But the latter branch, being given off 
close to tbe connection of the great vein with the veu- 
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tricle, was also counted as one of the two troftot by which 

the " heart " (that is to say the right ventricle, the left 
ventricle, and the left anricle of our nomencktore) com- 
municates with the lung. 
; The only other difficulty that I observe is connected 
I with {K). If Aristotle intended by this to affirm that 
the niiddla cavity (the left ventricle), like the other two, 
is directly connected with the lung by a iropot, he would 
be in error. But he has excluded this interpretation of 
w his words by {E), in which the number and relations of 
r the canals, the exietenee of which he admits, are dietiuctr 
ly defined. I can only imagine then, tiat, so far as this 
pafisage applies to the left ventricle, it merely refers to 
the indirect communication of that cavity with the vea- 
r sels of the lungs, through the left auricle. 
[ On thia evidence I submit that there is no escape 
from the conelnsion that, instead of having committed a 
gross blunder, Aristotle has given a description of the 
heart which, so far as it goes, is remarkably accurate. 
He is in error only in regard to the difFerences which 
ho imagines to exist between large and small hearts 
(J7). 

Cnvier (who has been followed by other commenta- 
tors) ascribes another error to Aristotle : — 

"Arbtote Bnppoao qae la tracbSo-artSra se prolon)i;e Jasqn'sQ 
I oc&ar, et Betnble oroiro, en ooasSqnence, que I'air j pSu^tre (I. e, 
|:p. 162).)' 

Upon what foiindation Cuvier rested the first of these 
wo asaortlons, I am at a lose to divine. As a mattw af 
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fact, it will appear from the following excerpts that Aris- 
totle gives an account of the stracture of the lungs which 
IB almost as good as that of the heart, and that it contains 
nothing about any prolongation of the windpipe to the 
heart. 

"'Within the neck lio what is called the ceaophagus {so named 
on aocoimt of its length and ita narrowness) and the windpipe 
(apTiipla), The position of the windpipe in oil auimola that have 
one, is in front of the (efiophagnB. All animals wbicli possess a long 
have a windpipe. The windpipe is of s cartila^ons nature and is 
exsanguine, but is surrounded b7 many little reins. , . . 

" It goes downwards towards the middle of the Inng, and then 
divides for Bach of the hdves of the lung. In all animala that pos- 
sess one, the !ang is divided into two parts; bat, in those which 
bring forth their yonng alive, the separation is not equally well 
marked, least of all in man. 

" In oviparons animals, ench oa birds, and in quadrapeds which 
are oviparous, the one half of the lung is widely separated from the 
other ; so that it appears as if they had two lungs. And from being 
single, the windpipe becomes (divided into) two, which extend to 
each hali of the lung. It is fastened to the great vein, and to what 
is called the aorta. When the windpipe is blown up, the air passes 
into the hollow parts oC the lung. In these, are cartila^oDS tnbea 
(dio^otic) which unite at an angle ; from the tubes passages (rp^piTa) 
traverse tba whole of the Inng ; they are oontinually given o% the 
smaller from the larger." (Book i. IS.) 

That Aristotle should apeak of the lung as a single 
oi^an divided into two halves, and should Bay that the 
division is least marked in man, is puzzling at first ; but 
the statement becomes intelligible, if we reflect upon the 
close union of the bronchi, the pulmonary vessels and the 
mediastinal walls of the pleurEe, in mammals ; * and it is 

" In modero works on Veterinary Anatomy the lungs ore someCimea 
J two lobes ol s single orgun. 




1 



ERRORS ATTRIBUTED TO ARISTOTLE. 

J tme that the lungs are much more obviously dis- 
Itinct from one another in liirds. 

Anbert and Wimmer translate the la£t paragraph of 
P the passage jast cited as followB :— 

" Diese haben aber knorpelige Suheidew^ndo, welche imter spit- 
m Winkeln znsaromeDtreten, and exa ihnen fahren OetBiaiigeD 
dnrcb die ganze Lunge, iadem sie eich in immer kleineren tot- 
«weigen." 

But I cannot think that by Bunftva-evt and rp^fiara, in 
this passage, Aristotle meant either "partitions" or open- , 
ings in the ordinary sense of the latter word. For, in 
Book iii. Cap, 3, in describing the distribntion of the 
"vein which goea to the lung" (the pulmonary artery), 
ho says that it 

" Ditenda iJoDgsiJa each tnbe (aipiyya) and each passage (rp^pa), the 
larger beside the larger, and the smaller beside the smaller ; ao that 
no port (of the laug) can be found from wbluh a passage (r^/<a) and 
a vein are absent." 

Moreover, in Book i. 17, he says — 

" Oanals {irdpoi) from the heart pass to the long ond divide in the 
Bame fashion as the windpipe does, closely aceompanying those from 
the windpipe tbroagb the whole lung." 



^^ the 

^^^B "It (the Inng) is entirely spongf, and alongside of each tube 
^^^USptpiyy^ ran canals (n6poi) from the great vein," 

I 



And again in Book i. 17— 



On comparing the last three statements with the facts 
f tiie case, it is plain that by ovpi'^e^, or tubes, Aristotle 
ioeanB the bronchi and so many of their larger divisions 
I obviously contain cartilages ; and that by Sia^iaeti 



EKB0E3 ATTKIBUTED TO AEISTOTLE. 



^HpirS/imSav ha denotes the eaine things ; and, if tlus be so, 
then tlie Tp^ftara must be the smaller bronchial canals, in 
which the cartilages disappear. 

This Tiew of the structure of the long is perfectly 
correct so far as it extends ; and, bearing it in mind, 
■we shall be in a position to understand what Aristotle 
thought about the passage of air from the lungs into the 
heart. In every part of the Inng, he says, in effect, 
there ia an air tube which is derived from the trachea, 
and other tubes which are derived from the iropoi which 
connect the lung with the heart (awpvi, C). Their ap- 
plied walls eonstitnte the thin " synapses " (t^h avva^ip) 
throngh which the air passes out of the air tubes into the 
•jTopoi, or blood-vesselB, by transudation or diffusion ; for 
there is no community between the cavities of the air 
tubes and cavities of the canals ; that is to say, no open- 
ing from one into the other (s-uprd, D). 

On the words " Kowov Tropos " Aubcrt and Wimmer 
remark (I. e. p. 239), " Da A. die Ansicht hat die Lnngen- 
luft wiirde dem Herzen zugefiibrt, so postulirt er statt 
vieler kleiner Verbindungon eiuen groasen Verhindungs- 
gang zwischen Lunge und Herz." 

But does Aristotle make this assumption ? The only 
evidence so far as I know in favour of the affirmative 
answer to this question is the following passage : — 

" 'Sw^pTtrai Sk laii if KOpila rg aprripi^ wi/ieX6ie(ri *al x'^'^pi'^'"^ "a' 
Xvliicat iea/uilf ^ ii avu^prrToi, Kdi7.6v eariv. pvsu/itvt/! Si t^ ipTiiplat 
fikii (iifoif iv oil mT&tTjXav TTOiEi, iv a rolr jieliom tuw (^iw SfjXov hrt 
lirfpjlETtu t8 nvAfux (is ain}v" (i. cap. 16). 

" The iieart and the windpipe are connected b; fatty and oarti- 
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a hollow. 



I 



]ag!noits utd fibrons bonds ; nhoro the; aro connected it ia I 
Blowing into the windpipe ilocs not ahow cleurlj in aome animals, 
1)at in the larger animeJa it is clear tliat the air goes int« it." 

Aubert and Wimmer give a Bomewhat difEerent ren- 
dering of this passage ; — 

"Auoh daa Herz hSngt mit der Lnftrdhre darch fettreiche, 
knorpelige und fuserige Bander susammen ; nnd da, wo eie zoeani- 
meobaDgen, ist eine H&blitng. Butm Anfblaaen der Lunge wird «s 
bei manchen Thieren nicht wahrnehinbar, bei den grdsseren aber 
ist CB offenbnr, dags die Lnft in daa Ilerz gelangt," 

The sense here turns upon the signification which is 
to be ascribed to etV air'^v. But if these words refer to 
the heart, then Aristotle has diatinctlj pointed ont the 
road which the air, in his opinion, takes, namely, throngh 
the " synapses " [D) ; and there is no reason that I can 
discover to believe that he " postulated " any other and 
more direct commonieation. 

With respect to the meaning of xoTkov etrnv, Anbert 
Vad Wimmer observe ; — 

scheint wobl die kurze LungenveDe za aein. Schneider 
bezieht dica auf die Yorkammem, allein diese werdea UQten sla 
Hfihien dea Herzcns besobrieben." 

I am disposed to think, on the contrary, that the 
Eprords refer simply to the cavity of the pericardimn, 
HE'or a part of this cavity (ainus transveraua pericardii^ 
lies between the aorta, on the one hand, and the pul- 
monary vessels with the bifurcation of the trachea, on 
the other hand, and is much more conspicuous in some 
animals than in man. It is strictly correct, therefore, in 
Aristotle's words, to say that where the heart and the 
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r 

^^^pdpipe are connected " it is hollow." If he had 

^ laesnt to speak of one of the pulmonarj veins, or of 

anj of tbo cavities of the heart, he would have nsed the 

terms wopot or KoiKia^ which he always employs for these 

parts. 

According to Aristotle, then, the air taken into the 
Itmgs passes, from the final ramifications of the bronchial 
tabes into the corresponding branches of the pulmonary 
d-veseels, not through openings, but by transudation, 
kfis we should nowadays eay, diffusion, through the 
I partitions formed by the applied <■< lata of the two 
f of canals. But the " pur m ."' ^'i. 'i ilius reached 
interior of the bIood-\--" i Aristotle's 

^ttcactly dio same rL : t was "«);/> 

Hil.lIH.ud 
■..Ml wLrilier 
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motioa of the blood. But, without attempting to read 
into Aristotle luodem conceptions wliich never entered 
hifi mifid, it is only juet to obaerve that his view of what 
becomeB of the air taken into the lungs is bj no means 
■worthy of contempt as a gross error. On the contrary, 
here, as in the ease of liis anatomy of the heart, what 
Aristotle asserts is true as far as it goes. SomethiLg 
docs actually pass from the air contained in the lunga 
through the coats of tlie ressels into the blood, and 
thence to the heart ; to wit, oxygen. And I think that 
it speaks very well for ancient Greek science that the 
investigator of bo difficult a physiological problem as 
tliat of respiration, sbonld have arrived at a eonelnaion, 
the statement of which, after the lapse of more than two 
thousand years, can be accepted aa a thoroughly estab- 
lished scientific truth. 

I trust that the case in favour of removing the state- 
ments about the heart, from the list of the " errors of 
Aristotle" is now clear; and that the evidence proves, 
on the contrary, that they justify ua in forming a very 
favourable estimate of the oldest anatomical investigations 
among the Greeks of which any snfBcient record remains. 

But is Aristotle to be credited with the merit of hav- 
ing ascertained so much of the truth ? This question 
will not appear superfluous to those who are acquainted 
with the extraordinary history of Aristotle's works, or 
who adopt the conclusion of Auhert and Wimmer, that, 
of the ten books of the " Ilistoria Animalium " which 
have come down to us, three are largely or entirely spa- 
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riooa, and that tlie otbera contain many interpolations 
by later writers. 

It BO happens, however, that, apart from other rea- 
sons, there ai-e satisfactory internal grounds for ascribing 
tho account of the heart to a writer of the time at which 
Aristotle Hved. For, within thirty years of his death, 
the anatomists of the Alexandrian school had thoroughly 
investigated the structure and the functions of the valves 
of the heart. Dui-ing this time the manascripts of Aris- 
totle were in the possession of Theophrastus ; and no 
interpolator of later date woidd have shown that he was 
ignorant of the nature and significance of these impor- 
tant structures, by the brief and obscure ijlusion — " in its 
-jcavities there are tendons " (_A). On the other hand, 
Polybus, whose account of the vascular syeteni is quoted 
in the "Ilistoria Animalium," was an elder contem- 
porary of Aristotle. Hence, if any part of the work 
faithfully represents that which Aristotle taught, we 
may safely conclude that the description of the heart 
does so. Having granted this much, however, it is an- 

■ other question, whether Aristotle is to be regarded as the 
first discoverer of the facts which he has so well stated, 
or whether he, like other men, was the intellectual child 
of his time and simply carried on a step or two the work 
which had been commenced by others. 

On the subject of Aristotle's significance as an origi- 
nal worker in biology extraordinarily divergent views 
have been put forward. If we are to adopt Cuvier'a 

^Mtimate, Aristotle was simply a miracle: — 
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" AvBDt Aristote la philosophie, enti^rement epi^cDlative, ee p«r> 
diut dans lea abstractioDB dSpoiirvues de fondoment ; la science n'ez- 
istait pas. H aemble qa'etle soit sortie toate foite dn cerveaa d'Ari»- 
tote oommo Minerve, toate ann&e, du oervean de Jupiter. Seal, en 
effet, Bans ant^okleiitB, Bana rien empninter am aisles qui I'avaieiit 
pt^c6dS, pnisqa'iJs o'svaient Hen prodnit de Bolide, le disciple de 
Platon dfoonvrit et dSmoatra plus de vSritSs, exocnta pins de tra- 
Tanx Bctentifiquea en nn vie de aoixonte-denx ans, qu'api^ Ini vingt 
uncles n'en ont pu fuire," * etc. etc. 

" Aristote eat le premior qai ait introduil; la tn^tLode de I'in- 
dnctioQ, de la comparaison dea obserrations poor en Mre Bortir des 
id^es g^nSrales, et celle de reip^rieoce poor multiplier lea fails dont 
ces idfies gfinfiralea peuvent 6tre dfidoitea." — ii. p. 51S, 

The late Mr. G. H, Lewe8,+ on the contrary, tells ns 
" on a superficial examination, therefore, he [AriBtotle] 
■will seem to have given tolerable descriptiona; especi- 
ally if approached with that disposition to discover mar- 
vels which uncoDScJoiiBly determines ua in our stndy of 
eminent writers. But a more unbiassed and impartial 
criticism will disclose that he has given no single ana- 
tomical description of the least value. All that he knew 
may have been known, and probably was tnown, with- 
out dissection. ... I do not assert that he never opened 
an animal ; on the contrary it seems highly probable 
that he had opened many. . . . He never followed the 
coarse of a vessel or a nerve ; never laid bare the origin 
and insertion of a muscle ; never discriminated the eom- 
ponent parts of organs ; never made clear to himeelf the 
connection of organs into systems." — {pp. 156-7.) 

In the face of the description of the heart and longs, 

• "Histoiro dea Sdcncea NalurcllPB," — t i. p. 130. 
t " AiiBtotle, tk Cbapter from the Eistor; of Sdence." 



jnflt quoted, I think we may venture to eay that no one 

who has acquired even an elementary practical acqnaint- 
ance with anatomy, and knows of his own knowledge 
that which Aristotle describes, will agree with the opin- 
ion expressed by Mr. Lewes; and those who turn to 
the accounts of the structure of the rock lobster and the 
common lobster, or to that o£ the Cephalopods and other 
Mollusks, in the fourth book of the "Historia Anima- 
lium," will probably feel inclined to object to it still 
more strongly. 

On the other hand, Cuvier's exaggerated panegyric 
will as little bear the test of cool discussion. In Greece, 
the century before Aristotle's birth was a period of great 
intellectual activity, in the field of physical science no 
less than elsewhere. The method of induction haa never 
been used to better effect than by Hippocrates ; and 
the labours of such men as Alkmeon, Demokritus, and 
Polybus, among Aristotle's predecessors; Diokles, and 
Prasagoras, among his contemporaries, laid a sohd foun- 
dation for the scientific study of anatomy and develop- 
ment, independently of his labours. Aristotle himself 
informs us that the dissection of animals was commonly 
practised ; that the aorta had been distinguished from 
the great vein ; and that the connection of both with 
the heart had been observed by his predecessors. What 
they thought about the stmcture of the heart itself or 
that of the lungs, he does not teU ub, and we have no 
means of knowing. So far from arrogantly suggesting 
that he owed nothing to bis predecessors, Aristotle is 
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carefol to refer to their observations, and to explain why, 
in hia jtidgment, they fell into the errors which he 
correcte. 

Aristotle's knowledge, in fact, appears to have etood 
in the same relation to that of snch men as Poljbne aud 
Diogenes of Apollonia, as that of Herophilns and Era- 
eifitratus did to hie own, bo far as the heart is concerned. 
He carried science a step beyond the point at which he 
fonnd it ; a meritorious, but not a miraculous, achieve- 
ment. What he did, required the posseesion of very 
good powers of observation; if they had been powers 
of the highest class, he could hardly have left such con- 
spicuous objects as the valves of the heart to be discov- 
ered by his successors. 

And this leads me to make a final remark upon a 
singular feature of the " Historia Animalinm." As a 
Whole, it is a most notable production, full of accurate 
information, and of extremely acute generalisations of 
the obeervationa accumulated by naturalists up to that 
time. And yet, every here and tliere, one stumbles 
npon assertions respecting matters which lie vrithin the 
scope of the commonest inspection, which are not so 
much to be called errors, as stupidities. What is to be 
made of the statement that the sutures of women's eknUs 
are different from those of men ; that men and sundry 
male animals have more teeth than their respective fe- 
males ; that the back of the skull is empty ; and so on i 
It is simply incredible to me, that the Aristotle who 
vrote the account of the heart, also committed himself 
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to absurdities which can be excused by no theoretical 
prepossession and which are contradicted by the plainest 
observation. 

What, after all, were the original manuscripts of the 
"Historia Animalium " ? If they were notes of Aris- 
totle's lectures taken by some of his students, any lec- 
turer who has chanced to look through such notes, would 
find the interspersion of a foundation of general and 
sometimes minute accuracy, with patches of transcen- 
dent blundering, perfectly intelligible. Some competent 
Greek scholar may perhaps think it worth while to tell 
us what may be said for or against the hypothesis thus 
hinted. One obvious difficulty in the way of adopting 
it is the fact that, in other works, Aristotle refers to 
the ^^Historia Animalium" as if it had already been 
made public by himself. 



m THE HYPOTHESIS THAT ANIMALS AEE 
AUTOMATA, ASD ITS HISTORY. 






The first half of the Beventeentb century is one of 
great epochs of biological science. For though BUg- 
gestiona and indications of the conceptions which took 
definite shape, at that time, are to be met with in works 
of earlier date, they are little more than the shado-ns 
which coming troth casts forward ; men's knowledge was 
neither extensive enough, nor exact enough, to show 
them the solid body of fact which threw these shadows, 

But, in the seventeenth century, the idea that the 
physical processes of life are capable of being explained 
in the same way as other physical phenomena, and, 
therefore, that the living body is a mechanism, was 
proved to be true for certain classea of vital actions ; 
and, having thus taken firm root in irrefragable fact, 
this conception has not only successfully repelled every 
.ult which has been made npon it, but has steadily 
■wn in force and extent of application, until it is 
now the expreBsed or implied fundamental proposition 
of the whole doctrine of scientific Physiology. 
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^/If we ask to ■whom mankiod are indebted for this 
great eervice, the general voice will name William Har- 
vey. For, by his diecovery of the circulation of the 
blood in the higher animals, by his explanation of the 
nature of the mechaniem by which that circulation is 
efiected, and by his no less remarkable, though less 
known, investigations of the process of development, 
Harvey Bolidly laid the foundations of all those physical 
explanations of the functions of sustentation and repro- 
duction which modem physiologists have achieved. 

But the living body is not only sustained and repro- 
duced : it adjusts itself to external and internal changes ; 
it moves and feels. The attempt to reduce the endless 
complexities of animal motion and feeling to law and 
order is, at least, as important a part of the task of the 
physiologist as the elucidation of what are sometimes 
called the vegetative processes. Harvey did not make 
this attempt himself ; but the influence of his work 
upon the man who did make it is patent and unques- 
tionable. This man was Ken6 Descartes, who, though 
by many years Harvey's junior, died before him ; and 
yet, in his short span of fifty-four years, took an undis- 
puted place, not only among the chiefs of philosophy, 
but amongst the greatest and most original of mathema- 
ticians ; while, in my belief, lie is no less certainly en- 
titled to the rank of a great and original physiologist; 
inasmuch as he did for the physiology of motion and 
sensation that which Harvey had done for the circulation 
of the blood, and opened up that road to the mechanical 
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theory of these proceseeB, which has been followed by 
all his snccessots. 

Descartes was no mere specnlator, as some would 
have DB believe : bnt a man who knew of his own 
knowledge what was to be known of the facta of 
anatomy and physiology in his day. He was an nn- 
wearied dissector and observer; and it is said, that, on 
a visitor once asking to see his library, Descartes ] 
him into a room set aside for digsectious, and fa] 
specimena under examination. "There," said hej 
my library." 

I anticipate a smile of incrednlity when I 
champion Descartes' claim to be considered a physiologist 
of the first rank, I expect to be told that I have read 
into his works what I find there, and to be asked, Why 
is it that we are left to discover Descartes' deserts at 
this time of day, more than two centuries after his 
death? How is it that Descartes is utterly ignored in 
some of the latest works which treat expressly of the 
snbject in which he is said to have been so great! 

It is much easier to ask anch questions than to answer 
them, especially if one desires to be on good terms with 
one's contemporaries ; but, if I must give an answer, it 
is this : The growth of physical science is now so pro- 
digioDsly rapid, that those who are actively engaged in 
keeping up with the present, have much ado to find 
time to look at the past, and even grow into the habit 
of neglecting it. But, natural ae this result may be, it 
ie none the less detrimental. The intellect loses, for 
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there ie assuredly no more effectual metLod of clearing 
np one's own mind on any Bubject than by talking it 
over, so to speak, with men of real power and graep, 
who have considered it from a totally different iwint 
of view. The parallax of time helps us to the true posi- 
tion of a conception, as the parallax of space helps ns 
to that of a star. And the moral nature loses no less. It 
is well to turn aside from the fretfnl stir of the present 
and to dwell with gratitude and respect upon the 
Bervices of those " mighty men of old who have gone 
down to the grave with their weapons of war," but who, 
while they yet lived, won splendid victories over igno- 
rance. It ia well, again, to reflect that the fame of Des- 
cartes filled all Europe, and his authority overshadowed 
it, for a century ; while now, most of those who know 
his name think of him, either as a person who had some 
preposterous notions about vortices and was deservedly 
annihilated by the great Sir Isaac Kewton ; or as the 
apostle of an essentially vicious method of deductive 
speculation ; and that, nevertheless, neither the chatter 
of shifting opinion, nor the silence of personal oblivion, 
hafl in the slightest degree affected the growth of the 
great ideas of which he was the instrument and the 
mouthpiece. 

It is a matter of fact that the greatest physiologist 

of the eighteenth century, Haller, in treating of the 

functions of nerve, does little more than reproduce and 

enlarge upon the ideas of Descartes, It is a matter of 

ut that David Hartley, ia his remarkable work the 
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"Easaj on Man," expresslv, though etil! insofficientl;, 
acknowledges the reeemblance of his fnndamental coq- 
ceptions to those of Descartes ; and I ^all now en- 
deavour to ehow that a series of propositions, which 
constitnte the foondatioa and eesence of the modern 
physiology of the nervous system, are fully expressed 
and illnstrated in the works of Descartes. 

L The brain is tha organ of sensation, thoughty and 
emotion ; that is to say, some change in the con- 
dition of the niatier of this organ is the invari- 
t^le antecedent of tlie state of coniciousTiess to 
which each of these terms is applied. 
In the " Principea de la Philosopbie " (§ 169), D^- 
I cartes says: — * 

" Although tha soul is united to tlie whole bodj, its prindpal 

i f DDCtions are, neTertbeless, performed in the brun ; it is hero that 

I It not oa]j understands and imoginsB, but also feels ; and this is 

I effected bj the iDtermediation of the oerTe^, wbkb ext«iid in the 

I fbrin o( delicate threads from tlio brain to all parts of the body, to 

wliich they are attached in snoh a manner, that we can hardly touch 

any part of the body without aetting the extremity of eome nerve 

in motion. This motion passoe along the nerve to that part of the 

brain which is the common Henaorium, as I have sufficiently ei- 

pliiincd in my Trcatiae on Dioptrics ; and the movementa which 

ttius travel along the nerves, ns far as that part of the br^n with 

which the soul is closely joined and united, cause it, by reason 

of tliutr diverse characters, to have different thoughts. And it is 

these different thoughts of the soul, which arise immediately from 

the movements that are excited by the nerves in the brain, which 

wo properly term our feelings, or the perceptions of our sonseB." 

* I quote, here and always, Cousia'a edition of the vorks of DeacarleB, 
ai most convenient lor rcforence. It la entitled " (Euirat completes de 
DeMUtea," pubiidcs pat Tiutor Cousin. 1824. 
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Elflewhere,* Dracartes, in argning that the eeat of 
the pafisioiis ie not (as many suppoBe) the heart, but the 
brain, uses the following remarkable language : — 

" The opinion of tbose who think that the sool reoeives ita pas- 
eioQi ID the heart, ia of no weight, for it is based upon the fact that 
the passions cause a changa to be felt in that organ ; and it is easy to 
Bee that this change la felt, as if it were in the heart, only by the 
intermediation of a little nerve which descends from the brain to 
it ; Just as pain is felt, as if it were in the foot, by the intermedia- 
tion of the nerves of the foot ; and the stars are perceived, aa if 
they were in the heavens, by the intermediation of their light and 
of the optio nervee. Bo that it ia no more necessary for the eoul to 
esert its fnnctioDs immediately in the heart, to feel ita passions 
there, than it ia necessary that it shoald he in the heavens to see 
the stars there.^' 

This definite allocation of all the phenomena of 
coQEcioUBness to the brain as their organ, was a step 
the value of which it is difficult for as to appraiae, eo 
completely has Descartes' view incorporated itself with 
every-day thoogbt and common language, A lunatic 
ie said to be " crack-brained " or " touched in the head," 
a confused thinker is "muddle-headed," while a clever 
man is said to have " plenty of brains ; " but it must be 
remembered that at the end of the last century a con- 
siderable, though much over-estimated, anatomist, Bi- 
chat, so far from having reached the level of Descartes, 
could gravely argue that the apparatuses of organic life 
are the sole seat of the passions, which in no way affect 
the brain, except so far as it is the agent by which the 
influence of the passions is transmitted to the mnscles-f 

• " Lea PasBiona de TAme," Article ziiiii. 

t " HeulierchcB phjaiologiques aur la Vie et la Mort" Par Xav. Bicbat 
Art. Siii^me. 
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Modern pliysiology, aided bj pathologj, casiij dem- 
onatratea that the brain is the seat of all forms of con- 
Bcionsness, and fully bears out Descartes' explanation 
of the reference of those aensationa io the viscera which 
accompany intense emotion, to these organs. It prove*^ 
directly, that thoEe states of consciousness which we 
call sensations arc the immediate consequent of a eliange 
in the brain excited by the sensory nerves ; and, on the 
well-known effects of injuries, of stimulants, and of 
I narcotics, it bases the conclusion that thought and 
I emotion, are, in like manner, the consequents of physi- 
cal antecedents. 



II. The movements of animah are due to the i 
of fann of mv-gcles, which shorten and 
thicker/ and this c/tange of farm in a musde 
arises from a inotion of the substaTwe contained 
witMn the nerves which go io the mntde. 
In the " Passions de I'Ame," Art. vii., Descartes 
I writes : — 

"Uoreover, wq know that all the moTements of the limbs de- 
' pend on tbe muaclea, and that theae mnscles are apposed to one 
taotbor in snch a manner, tbat wben one of tbem shortens, it draws 
I along the part of tlio body to which it is attached, and so pvea 
rise to a sinraltaaeoDs elongation of the mnscle which is opposed to 
it. Then, if it happens, afterwards, that the latter shortens, it 
causes the former to elongate, and draws towards itself the part to 
wliiob it is attached. Lastly, we koovr Cbst all these movements 
of the mnscles, as all the senses, depend on the nerves, which ore 
like little threads or tnbes, which all come from tbe brain, and, like 
it, contain a certain verj BObtle air or wind, termed the ammal 
mirits." 
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The property of muscle mentioned by Deseartes 
now goes by the general name of contractility, but his 
definition of it remains untoucbed. The long-contin- 
ued controversy whether contractile subatauce, speak- 
ing generally, haa an inherent power of contraction, or 
whether it contracts only in virtue of an influence 
exerted by nerve, is now settled in nailer's favour; 
"but Descartes' statement of the dependence of mus- 
cular contraction on nerve holds good for the higher 
forms of muscle, under normal circumBtances ; so that, 
although the structure of the various modifications of 
contractile matter hfls been worked out with astonishing 
minuteness — although the deheate physical and chem- 
ical changes which accompany muscular contraction have 
been determined to an extent of which Descartes could 
not have dreamed, and have quite upset his hypothe- 
sis that the cause of the shortening and thickening of 
the muscle is the flow of animal spirits into it from 
the nerves — the important and fundamental part of 
his statement remains perfectly true. 

The like may be affinned of what he says about 
nerve. "We know now that nerves are not exactly 
tubes, and that " animal spirits " arc myths ; but the 
exquisitely reflned methods of investigation of Du- 
bois-Eeymond and of Helmholz have no less clearly 
proved that the antecedent of ordinary muscular con- 
traction is a motion of the molecules of the nerve 
going to the muscle; and that this motion is propa- 
mted with a measurable, and by no means great, v 
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locity, through the Bubstance of the nerve towards the 
muscle. 

With the progress of research, the term "animal 
spirits" gave way to "nervous fluid," and "nervone 
fluid" has now given way to "molecular motion of 
nerve-subtance." Our conceptions of what takes place 
in nerve have altered in the same way as our concep- 
tions of what takes place in a conducting wire have 
altered, Bluce electricity was shown to be not a fluid, 
but a mode of molecular motion. The change is of vast 
importance, but it does not affect Descartes' fundamen- 
tal idea, that a change in the substance of a motor nerve 
propagated towards a muscle ia the ordinary cause of 
muscular contraction. 

III. The sensations of animals are due to a motion of 
tJic substance of the nerves which connect iJi£ sen- 
sory organs with the hrain. 

In La Dioptrique (Discours Quatri^me), Deseartes 

explains, more fully than in the passage cited above, his 
hypothesis of the mode of action of sensory nerves : — 

"It is the little threada of which the inner sahstimoe of the 
Derves is compoBod which aabaerve HenBaCion. Yon maat coaceive 
that these little threads, being inclosed in tubes, which are alvra^s 
distended and kept open hj the animal spirits which thej cont^D, 
neither press upon nor interfere with one another, and are extended 
from the brain to the estremitios of all the members which are sen- 
sitive — in SDob a manner that the slightest toach which excites the 
part of one of the members to which a thread is attached, gives rise 
to a motion of the part of the hrain whence it arises, just as bj poll- 
ing one of ttio ends of a stretched oord, the other end U instantaaft- 
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oiiBly luovod. . . . And we must take cure noi; to imagine that, in 
order to feel, the soul needB to behold certain imagea sent by tlio 
objeuts of Benae to the brdn, as our philoaophera conuaonly eup- 
pose; or, at least, we mast coaceive these images to be iKitnethiDg 
quite different from what thej suppoBfl thera to ho. For, as all 
they enppoie is that these images ought to resemble the objects' 
which they represent, it is impossible fiir them to show how they 
can be formed by the objects receiTod by the organs of the eiternal 
Benses and transmitted to the brain. And they have bad do reason 
for supposing the existence of these images except this ; seeing tliat 
the mind is readily excited bj a picture to oonceive the object whiuh 
is depicted, they have thought that it must be excited in the same 
waj to oonoeivQ those objects which affect our sonsoa by little pic- 
tures of them formed in the head ; instead of which we ought to 
recollect that there are many things besides images which ma; ex- 
cite the mind, as, for example, signs and words, which have not the 
leaat resemblanco to the objects which they signify."* 

Modem physiology amendh Descartes' conception of 
tlie mode of action of sensory nerves in detail, by show- 
ing that their structure is the same as that of motor 
nerves ; and that the ehangee which take place in them, 
when the sensory organs with which they are connected 
are excited, are of just the same nature as those which 
occur in motor nerves, when the muscles to which they 
are distributed are made to contract : there is a molecu- 
lar change which, in the case of the sensory nerve, is 
propagated towai-ds the brain. But the great fact in- 
sisted upon by Deaeai-tes, that no likeness of external 

* Locke (Hitman Underilanding, Book 11., chap. vlil. 3?) uses Des- 
cartes' illustmlioa for the BUDe purpose, and varni ns that " inose of the 
ideas of Ecnsation are no more the likeness of Eomethiiu existing without 
us than the names thnl stand for them ate tho likeneas of aiir ideas, which 
yet, upon hearing, they arc apt to excite in ub," b declaration which paved 
the way Cor Berkeley. 
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things is, or can be, transmitted to tlie mind b; tlie 
aensory organs ; but tliat, between the external cause of 
a sensation and the sensation, there is interposed a mode 
. of motion of nervous matter, of which the state of con- 
8ciouenes3 is no likeness, but a mere symbol, is of the 
profoundest importance. It is the physiological founda- 
tion of the doctrine of the relativity of knowledge, and 
a more or less complete idealism is a necessary conse- 
quence of it. 

For of two alternatives one must be true. Either 
consciousness is the function of a something distinct 
from the brain, which we call the soul, and a sensation 
is the mode in which this soul -is affected by the motion 
of a part of the brain ; or there is no soul, and a sensa- 
tion is something generated by the mode of motion of 
a part of the brain. In the former case, the phenomCDa 
of the senBCB are purely spiritual affections; in the lat- 
ter, they are something manafactnred by the mechanism 
of the body, and as unlike the causes which set that 
mechanism in motion, as the sound of a repeater is un- 
like the pushing of the spring which gives rise to it. 

The nervous system stands between conscionsnees 
and the assumed external world, as an interpreter who 
can talk with his fingers stands between a hidden speaker 
and a njan who is stone deaf — and Kealism is equiva- 
lent to a belief on the part yf the deaf man, that the 
speaker must also be talking with his fingers. " Lea 
extremes so touchent;" the shibboleth of materialists 
that " thought is a secretion of the brain," is the Fidi' 



ANIMAL AUTOMATISM. St7 

tean doctrine that " the phenomend univeree ia the crea- 
tion of the Ego," expressed in other language. 

IV. The motion of the Tnatter of a sensory nerve may he 
transmuted through the brain to motor nerves, and 
thereby give rise to contraction of the muscles to 
which these motor n£rves are distributed j and this 
reflection of motion from a sensory into a motor 

^^_ nerve may take place loithout volition, or even con- 

^^H irary to it. 

^^Mln stating these important trutha, Descartes deSned 
that which we now term "reflex action.** Indeed he 
almost uses the term itself, as he talks of the " animal 
spirits " as " riflechis," * from the sensory into the motor 
nerves. And that this use of the word " reflected " was 
no mere accident, hut that the importance and appro- 
priateness of the idea it suggests was fully understood 
by Deaeartes' contemporarica, is apparent from a passage 
in Willis's well-known essay, " De AnImA Brutomm," 
publiahed in 1673, in which, in giving an account of 
Descartes' views, he speaks of the animal spirits being 
diverted into motor channels, " velut undulatione re- 
flex&." t 

• "FassioQS de I'Ame," Art. mvi. 

t " Quamoumqiie Bruti sctioneni, Telut aulomati mechsnici motum arti- 
Edalem, Id eo conaiitere quod tie primd scDeibile aliquod spirituii sDimiLlei 
afSdens, eosque introrsum conTertena, leniionem ciciCat, i qua mox iitlcm 



vplut undnlatione reSeii denno rctrorsum comiiioti atque pro ci 
dimo ipsius Cabride ar^narum, cl partlum oidine. In ccrtoa ocrvoa musi 
loBqae determinati, roapectivos mcmbrorum moSiH perficiunt."— Will: 
VJie Anint Brutornn," p. S, ed. 1TG3. 
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Nothing can be clearer in statement, or in illnfitra- 
tion, than the view of reflex action which Descartea 
gives in the "Passions de I'Ame," Art. xiii. 

After recapitulating the manner in which sensory 
impressions transmitted by the sensory nerves to the 
brain give rise to sensation, he proceeds : — 

"And ia addiCioQ to the difierent feelings excited m the soni hj 
these different motiona of the brain, the animal apirits, without the 
intervention of the soul, ma; take their course towards eertoin mns- 
oles, rather than towai'ds others, and tbna move the limbs, as I shall 
prove bj an example. If some one moves his hand rapidly towards 
our eyes, as if he were going to strike us, although we know that 
he is a friend, that he does it only in jest, and that he wiU be very 
carefal to do us no harm, nevertheless it will be hard to keep from 
winking. And this shows, that it is not by the agency of the soul 
that the eyes sbat, since this action ia contrary to that volition 
which is the only, or at least the chief, fiinction of the sonl; but it 
is because the mechanism of our body is so disposed, that the motion , 
of the hand towards our eyes escitos another movement in oor brun, 
and this sends the animal spirits into those moscles wbieb cause the 
eyelids to close." 

Since Descartes' time, experiment has eminently en- 
larged our knowledge of the details of reflex action. 
The discovery of Bell has enabled us to follow the tracks 
of the sensory and motor impulses, along distinct bun- 
dles of nerve fibres ; and the spinal cord, apart from the 
brain, has been proved to be a great centre of reflex 
action ; but the fundamental conception remains as Des- 
cartes left it, and it is one of the pillars of nerve physi- 
ology at the present day. 

I V. Ths motion of any given portion of ths maUer of the 
y the motion of a sensory nerve, leaoei 
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behind a readiness to be moved in the same way, in 

that part. Anythitig which resusmiaiet the motion 

gives rise to the ajypropriate feding. This is the 

physical mechanism of memory. 

Descartes imagined that the pineal body (a curionB 

appendage to tlie upper side of the brain, the function 

of which, if it have any, is wholly nnknown) was the 

instrnuient through which the soul received impresBions 

from, and communicated them to, the brain. And he 

thus endeavours to explain what happens when one tries 

to recollect something : — 

"Thus when the bouI wills to femember anything, this volition, 
cansing the [piaeal] gland to iuclino itself in different directions, 
drivoB the [animal] spirits totvards difiereat regions of the brain, 
Qiiti! they reach that part in which are the traces, which the object 
which it desires to remember has left. Thoae traces are produced 
thus; those pores of the brain throngh which the [animal] spirita 
have previously been driven, by reason of the presence of the ob- 
ject, have thereby acquired a tendency to be opened by the animal 
spirits wliich retnm towards them, more easily than other pores, bo 
that the animal spirits, impinging on these pores, enter them more 
readily than others. By tliis means they excite a particular move- 
ment in the pineal gland, which represents the object to the soal, 
and causes it to know what it is which it desired to recoUect." * 

That memory is dependent upon some condition of 
the brain is a fact established by many considerations — 
among the most important of which are the remarkable 
phenomena of aphasia. And that the condition of the 
brain on which memory depends, ia largely determined 
by the repeated occurrence of that condition of its mo- 
* "Los PflBMona de I'Ame," iliL 
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lecoles, which gives rise to the idea of the thing remem- 
bered, 18 no less certain. Every boy who learns his 
lesson by repeating it exemplifieH the fjict. Descartefl, 
as we have seen, supposeB that the pores of a given part 
of the brain are stretched by the animal spirits, on the 
occurrence of a sensation, and that the part of the brain 
thus stretched, being inaperfectly elastic, does not retmn 
to exactly its previous condition, but remains more dis- 
tensible than it was before. Ilartlcy supposes that the 
vibrations, excited by fl sensory, or other, impressioD, 
do not die away, but arc represented by smaDer vibra- 
tions or " vibratiuncules," the permanency and intensity 
of which are in relation with the frequency of repetition 
of the primary vibrations. Ilaller has substantially the 
same idea, but contents himself with the general term 
" niutationes," to express the cerebral change which is 
the cause of a state of consciousness. These "mnta- 
tiones" persist for a long time after the eanse which 
pves rise to them has ceased to operate, and are arranged 
in the brain according to the order of coexistence and 
Baccession of their causes. And he gives these persistent 
" mntationes " the picturesque name of veetiffia r^erttm, 
"quae non in mente Bed in ipso corpore et in medulla 
quidem cerebri ineffabili modo incredibiliter minutis 
notis et copia infinita, inscriptse sunt." * I do not know 
that any modem theory of the physical conditions of 
memory differs essentially from these, which are alt chil- 
dren — mtitatie mutandis — of the Cartesian doctrine. 



* HtJlar, " Frinw Uneie," ed. iiL " Seuaus Internl," dlrUL 
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Physiology ia, at praaent, incompetent to say anything 
positively about tlie matter, or to go farther than the 
expression of the high probability, that every molecular 
change which gives rise to a state of conscionanesa, leaves 
a more or less persistent structural modification, throngh 
which tho same molecular change may be regenerated 
by other agencies than the cause which first produced it. 

Thus far, the propositions respecting the physiology 
of the nervous system wliich are stated by Descartes 
have simply been more clearly defined, more fully iUus- 
trated, and, for the most part, demonstrated, by modern 
physiological research. But there remains a doctrine to 
which Descartes attached great weight, so that full ac- 
ceptance of it became a sort of note of a thorough-going 
Cartesian, bat which, nevertheless, is so opposed to 
ordinary preposaessions that it attained more general 
notoriety, and gave rise to more dLacussion, than almost 
any other Cartesian hypothesis. It is tho doctrine, that 
brute animals are mere machines or automata, devoid not 
only of reason, but of any kind of consciousness, which ifl 
stated briefly in the " Diseonrs de la M^thode," and 
more fully in the "Eeponses aux QuatriSmea Objee- 
tiona," and in the correspondence with Henry More.* 

The process of reasoning by which Descartes arrived 
at this startling conclusion ia well shown in the following 
passage of the " R^ponses : " — 

• "Efiponse de M. Dcacarlea k U. Moras." 1649. "{Euttpb," tome i. 
p. 204. " Mnia lo plus grand dc tons lea priJjugea <jue ooua aynos rutenus 
■e enfance, eat celui de croiro que lea b&tea pendent," ele. 
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" Bat as regards tLe soals of beasts, althoDgb tliia b not th« 
place for coosiderini; them, and tboogb, without a genera] axposi- 
tiou of physics, I con sa; no more on this sohjeot than I have 
already auid io the fifth part of my Treatise on Method ; yet, I will 

■ ftirther state, here, that it nppeara to lae to be a very reraarkable 
droumstaoce that no movement can take place, either in the bodieg 
of beasts, or even ia our own, if these bodies have not in themselves 
all the orgaus and instrumenta by means of which the very saiiie 
moTementa would be accomplished in a tnaohiae. So that, even in 
ns, the spirit, or the soul, does not directly more the limbs, bnt only 
determines the coarse of that very subtle liqnid which is called the 
animal spirits, which, mooing continually from the heart by the 
brain into the moscles, is the cause of all the moTQmenta of our 
limbs, and often may cause many different motions, one as easily as 
the other. 
^ [ " And it does not even always exert this determination ; for 

among the movements which take place in ns, there are many 
which do not depend on the mind at all, such as the beating of the 
heart, the digestion of food, the nutrition, the respiratton, of those 
who sleep ; and, even in those who ore awake, walking, singing, and 
other similar actions, when they are performed without the mind 
thinking about them. And, when one who falls from a height 
throws his hands forwards to save his head, it is in virtue of no 
ratiocination that he performs this action ; it does not depend upon 
his mind, but takes pioco merely because his senses being affected 
by the present danger, some change arises in his brain which deter- 
mines the animal spirits to pass thence into the nerves, in enoh a 
roanncr as is required to produce this motion, in the some way as in 
a machine, and without the mind being able to hinder it. Now 
aioce we observe this in ourselves, why should we be so mnch 
aetonished if the light reflected from the body of a wolf into the eye 
of a sheep has the same force to excite in it tbe motion of flight. 

"After having observed this, if we wish to learn by reasoning, 
whether certain movements of beasts are comparable to thoas which 
are effected in us by the operation of the mind, or, on the oootrary, 
to those whiob depend only on the animal spirits and the dispod' 
tion of the organs, it is necessary to consider the difference between 
the two, which I have explained in the fifth part of the Biscanrse ' 
on Uetbod (for I do not think that any otiiers are discoverable), and 
^^H then it will easily bo seen, that all the actions of beasts are similar 
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only to those which we perform without the help of onr minda. 
For which reaaon we ehall be forced to conclude, that we know of 
the eiistonce in them of no other principle of motion than the dis- 
poBition of their organs aad the continual affluence of animal spirits 
|>rodaoed hj the heat of the heart, which attenuates and mibtiliaes 
the blood ; and, at the some time, we ^hall acknowledge that wo 
have had no reaaon for aaanrning any other principle, except that, 
not having diatinguiabed those two principles of motion, and seeing 
that the one, which depends only on the animal flpirita and the 
organs, exists in hcasta as well as in us, we have hastily concluded 
that the other, which depends on mind and on thought, was also 
possessed by them." 

Descartes' line of argnment is perfectly clear. He 
starts from reflex action in man, from the imqneationable 
fact that, in ourselves, co-ordinate, purposive, actions 
may take place, without the intervention of conscions- 
ness or volition, or even contrary to the latter. As 
actions of a certain degree of complexity are brought 
about by mere mechanism, why may not actions of still 
greater complexity be the result of a more refined 
mechanism ! What proof is there that brutes are other 
than a superior race of marionettes, which eat without 
pleasure, cry without pain, desire nothing, know nothing, 
and only simulate intelligence as a bee simulates a mathe- 
matician ? * 

* Uslehrancha stat«B the Tiew taben by orthodox CnrtoBians in ISSS 
vciy forcibly : " Ainai liuna lea chieni, lea chats, ct les antres animaui, il 
n'y a ny intelligence, nj &me BpiriCucllo comme on I'entend ocdinalrement. 
na mangcnt sans plaimr; ils cricnt ea-ae doulenr; ila croisseat eana le 
B9aioic ; ila ne d^sirent riea ; ib ne connoiasent lisn ; et a'iU a^ssent nreo 
odressc et d'unemaniSrc qui marque I'intelligenoe, c'est que Diea Icsfusant 
pour lea conaerrer, il it coofomiS Icurs corps do telle maui&re, qu'ila Svitent 
organiquement, sons Ic a^avoir, tout 4x qoi peut lea d^truire et qu'ils 
semblent craiadre," (" Feuillet (le Conches. Mftdilations MSlaphysiquea ct 
Cortespondauce de K Halebraucbe. NeaviSine MSditatiaa." 1641.) 




ANIMAL AUTOMATISM. 



1 



I 



The Port Royalists adopted the hypothesis that 
brutes are machines, and are said to have carried Ita 
practical applications so far, as to treat domestic aniraak 
with neglect, if not with actual cruelty. As late as the 
middle of the eighteenth eentnry, the problem was dis- 
cussed very fully and ably by Bouillier, in his " Essai 
phQosophique sur I'Ame des Bfites," while Condillac 
deals with it in his " Traitl des Animaux ; " but since 
then it lias received little attention. Nevertheless, mod- 
ern research has brought to light a great multitude of 
facts, which not only show that Descartes' view is defen- 
sible, but render it far more defensible than it was in his 
day. 

It must be premised, that it is wholly impossible 
absolutely to prove the presence or absence of conscious- 
ness in anything bat one's own brain, though, by anal- 
ogy, we are justified in assuming its existence in other 
men. Now if, by some accident, a man's spinal cord is 
divided, his limbs are paralysed, so far as his volition 
is concerned, below the point of injury ; and be is in- 
capable of experiencing all those states of consciousness, 
which, in his uninjured state, would be excited by irrita- 
tion of those nerves which come o£E below the injury. 
If the spinal cord is divided in the middle of the back, 
for example, the skin of the feet may be cut, or pinched, 
or burned, or wetted with vitriol, without any sensation 
of touch, or of pain, arising in consciousness. So far as 
man is concerned, therefore, the part of the central 
jervooB system which lies beyond the injury is cut off 
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from conscionsnesB. It must indeed be admitted, that, 
if any one think fit to maintain that tlie spinal cord 
below the injury is conscious, but that it is cat off from 
any means of making its consciousness known to the 
other consciousness in the brain, there is no means of 
driving him from his position by logic. But assuredly 
there is no way of proving it, and in the matter of con- 
sciousness, if in anything, we may hold by the rule, " De 
Don apparentibuB et de non existentibua oadem est ra- 
tio." However near the brain the spinal cord ia in- 
jured, consciousness remains intact, except that the irri- 
tation of parts below the injury is no longer represented 
by sensation. On the other hand, pressure upon the 
anterior division of the brain, or extensive injuries to 
it, abolish consciousness. Hence, it ia a highly probable 
conclusion, that consciousness in man depends upon the 
integrity of the anterior division of the brain, while tlie 
middle and hinder divisions of the brain, and the rest 
of the nervous centres, have nothing to do with it. And 
it is further highly probable, that what is true for man 
is true for other vertebrated animals. 

We may assume, then, that in a living vertebrated 
animal, any segment of the cerebro-spinal axis (or spina! 
cord and brain) separated from that anterior division of 
the brain which is the organ of conseionsneas, is as com- 
pletely incapable of giving rise to consciousness, as we 
know it to be incapable of carrying out volitions. Nev- 
ertheless, this separated segment of the spinal cord is 
not passive and inert. On the contrary, it is the seat 
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^^Hpf extremely remarkable powers. la our imaginary 
^^ case of injmy, the man would, a& we have seen, be de- 
void of sensation in hi8 legs, and would have not the 
least power of moving them. Bnt, if the solea of his 
feet were tickled, the legs would be drawn up, just as 
vigorously as they would have been before the injury. 
We know exactly what happens when the soles of the 
feet are tickled ; a molecular change takes place in the 
seuBory nerves of the skin, and is propagated along them 
and through the posterior roots of the spinal nerves, 
which are constituted by them, to the grey matter of 
the spinal cord. Through that grey matter, the molecu- 
lar motion is reflected into the auterior roots of the 
same nerves, constituted by the filaments which supply 
the muscles of the legs, and, travelling along these mo- 
tor filaiuents, reaches the muscles, which at once con- 
tract, and cause the limbs to be drawn np. 

In order to move the legs in this way, a. definite co- 
ordination of muscular contractions ia necessary ; the 
muscles must contract in a certain order and with duly 
proportioned force ; and moreover, as the feet are drawn 

■away from the source of irritation, it may be said that 
tke action has a final cause, or is purposive. 
^ Thus it follows, that the grey matter of the segment 
of the man's spinal cord, though it is devoid of con- 
sciousness, nevertheless responds to a simple stimulus 
by giving rise to a complex set of muscular contractions, 
co-ordinated towards a definite end, and serving an obvi- 
ous purpose. 



"1 



ANIMAL ADTOHATISM. 227 

If the Bpinal cord of a frog is cut acrose, eo as to 
provide ns with a flcgment separated from the brain, we 
shall have a subject parallel to the injured man, on 
which experiments can be made without remorse; as 
we have a right to conclnde that a frog's spinal cord is 
not likely to be conscioua when a man^s is not. 

Now the frog behaves just as the man did. The 
legs are utterly paralysed, bo far as voluntary move- 
ment is concerned ; but they are vigorously drawn up 
to the body when any irritant is applied to the foot. 
But let us study our frog a little farther. Touch the 
skin of the side of the body with a little acetic acid, 
which gives riee to all the signs of great pain in an un- 
injured frog. In this case, there can be no pain, becauee 
the application is made to a part of the ekin supplied 
with nerves which come off from the cord below the 
point of section ; nevertheless, the frog lifts up the limb 
of the same side, and apphes the foot to rub off the 
acetic acid; and, what ia still more remarkable, if the 
limb be held so that the frog cannot use it, it will, by- 
and-by, move the limb of the other side, turn it across 
the body, and use it for the same rubbing process. It 
is impoBsiblo that the frog, if it were in its entirety and 
could reason, should perform actions more purposive 
than these: and yet we have most complete asBurance 
that, in this case, the frog is not acting from purpose, 
has no consciousnrae, and is a mere insensible machine. 

Bnt now suppose that, instead of making a section 
of the cord in the middle of the body, it had been made 
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^^H in Bach a maimer as to separate the hindermoBt 
^^V of the brain from the rest of the organ, and Boppose the 
^H foremost two-thirds of the brain entirely taken away. 
^^f The frog is then absolutely devoid of any spontaneity ; 
it sits upright in the attitude which a frog habitnally' 
assumes ; and it will not stir unless it is touched ; bat 

I it diilere from the frog which I have just described in 
this, that, if it be thrown into the water, it begins to 
Bwim, and swims just as well as the perfect frog does. 
But swimming requires the combination and successive 
co-ordination of a great number of muscular actiouB. 
And we are forced to conclude, that the impression 
made upon the sensory nerves of the skin of the frog 
by the contact with the water into which it is thrown, 
causes the transmission to the central nervous apparatus 
of an impulse, which sets going a certain machinery by 
which all the muscles of swimming are brought into play 
in due co-ordination. If the frog be stimulated by some 
irritating body, it jumps or walks as weU as the com- 
plete frog can do. The simple sensory impression, act- 
ing through the machinery of the cord, gives rise to 
^^^ these complex combined movements. 
^^H It is possible to go a step farther. Suppose that only 

^^P the anterior division of the brain — so mnch of it as lies 
in front of the " optic lobes " — is removed. If that oper- 
ation is performed quickly and skilfuUy, the frog may 
be kept in a state of full bodily vigour for months, or 
it may be for years ; but it will sit unmoved. It eees 
nothing; it hears nothing. It will starve aooner than 
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feed itself, althotigh food put into its mouth ib Ewal- 
lowed. On irritation, it jumps or walks ; if tkrown into 
the water it swims. If it be put on the hand, it sits 
there, crouched, perfectly quiet, and would ait there for 
ever. If the hand be inclined very gently and slowly, 
80 that the frog would naturally tend to slip off, the 
creature's fore paws are shifted on to the edge of the ■ 
band, until be can just prevent himself from falling. 
If the turning of the band be slowly continued, be 
mounts up with great care and deliberation, putting first 
one leg forward and then another, until be balances 
bimeelf with perfect precision upon the edge ; and, if 
tbe turning of the band is continued, over he goes 
through the needful set of muscular operations, until he 
comes to be seated in security, upon tbe back of the 
hand. Tbe doing of all this requires a delicacy of co- 
ordination, and a preciaion of adjustment of the muscu- 
lar apparatus of the body, which are only comparable to 
those of a rope-dancer. To the ordinary influences of 
light, the frog, deprived of its central hemispheres, 
appears to be blind. Nevertheless, if tbe animal be put 
upon a table, with a book at some little distance between 
it and the light, and the skin, of the hinder part of its 
body is then irritated, it will jump forward, avoiding 
the book by passing to tbe right or left of it. Although 
the frog, therefore, appears to have no sensation of light, 
visible objects act tbi'ougb it* brain upon the motor 
mechanism of its body.* 

*Sc« the remarkable esaaj of G5ltE, "Bdttiige lur Lehre Ton den 
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It is obvioDB, that had Descartes been acqaainted 
with theee remarkable, results of modem reBeai'ch, thej 
would have furnished him with far more powerful argu- 
ments than he possessed in favour of his view of the 
L automatism of brutes, The habits of a frog, leading 
I its natural life, involve such simple adaptations to eut- 
' rounding conditione, that the machinery which is compe- 
tent to do so much without the intervention of con- 
sciousness, might well do all. And this argument is 
vastly strengthened by what has been learned in recent 
times of the marvellously complex operations which are 
performed mechanically, and to all appearance without 
consciouBnesH, by men, when, in consequence of injury 
or disease, they are rednced to a condition more or Iras 
comparable to that of a frog, in which the anterior 
part of the brain has been removed. A case has recently 
been published by an eminent French physician, Dr. 
Mesnet, which illustrates this condition so remarkably, 
that I make no apology for dwelling upon it at con- 
eiderable length.* 

A sergeant of the French army, F , twenty-seven 

years of age, waa wounded during the battle of Eazeilles, 
by a ball which fractured his left parietal bone. He 

Functionen der Neryencentren des Froaohes," publiflhed in 1868. I hire 
repeated QoUk's eipcrimcntB, and obtained the same reBulta. 

* " De rAutomatisme da U Mimmro et du SouTonir, dans le Somoain- 
baliune patho1<^qtie." Par le Dr. E. Meanet, U^dcinn de I'Hfipital Saint- 
Anloinc "L'Unioa Wdicale," JuiUcE 21 et 23, 18T4. H; attention was 
first called to a Bummarj of this remarkable case, which appeared in tbe 
'• Journal des D6bttlfl"(or the 7th of Augnst 1871, bj my friend General 
Stracbc;, I.RM. 
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ran his bayonet throngh the Pmssian soldier, who 
wounded him, but almost immediately his right arm 
became paralysed; after waiting about two hundred 
yards, his right leg became similarly affected, and he 
lost his senses. When he recovered them, three weeks 
afterwards, in hospital at Mayence, the right half of 
the body was completely paralysed, and remained in 
this condition for a year. At present, the only trace 
of the paralysis which remains is a alight weakness of 
the right half of the body. Three or fonr months 
after the wound was inflicted, periodical disturbances 
of the functions of the brain made their appearance, 
and have continued ever since. The disturbances last 
from fifteen to tliirty hours ; the intervals at which they 
occur being from fifteen to thirty days. 

For four years, therefore, the life of this man has 
been divided into alternating phases — short abnormal 
states intervening between long normal states. 

In the periods of normal Hfe, the ex-sergeant's health 
is perfect ; he is intelligent and kindly, and performs, 
satisfactorily, the duties of a hospital attendant. The 
commencement of the abnormal state is ushered in bj 
aneasiness and a sense of weight about the forehead, 
which the patient compares to the constriction of a circle 
of iron; and, after its termination, he complains, for 
some hours, of duln^s and heaviness of the head. Eut 
the transition from the normal to the abnormal state 
takes place in a few minutes, without convulsions or 
eriee, and without anything to indicate the change to a 
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bystander. IIIb movements remain free and bis espres- 
Bion calm, except for a contraction of the brow, an in- 
cessant movement of the eyeballs, and a cbewing motioTi 
of tlie jaws. The eyes are wide open, and their pupils 
I dilated. If the man happens to be in a place to which 
' he is accustomed, he wallffi about as usual ; but, if he b 
in a new place, or if obstacles are intentionally placed in 
his way, he stumbles gently against them, stops, and then, 
feeling over the objects with his hands, passes on one 
f Bide of them. He offers no resistance to any cliaDge of 
I direction which may be impressed upon him, or to the 
forcible acceleration or retardation of his movemente. 
He eats, drinlts, smokes, walks abont, dresses and un- 
dresses himself, rises and goes to bed at the accustomed 
' hours. Nevertheless, pins may be run into his body, or 
I Btroug electric shocks sent through it, without cansiDg 
the least indication of pain ; no odorous substance, pleas- 
ant or unpleasant, makes the least impression ; he eats 
and drinks with avidity whatever is offered, and takes 
asafcetida, or vinegar, or quinine, as readily as water ; no 
noise affects him ; and light influences him only under 
certain conditions. Dr. Mesnet remarks, that the sense 
of touch alone seems to persist, and indeed to be more 
acute and delicate than in the Qormai state ; and it ie by 
means of the nerves of touch, almost exclusively, that 
his organism is brought into relation with the external 
world. Here a difficulty arises. It is clear from the 
1 detailed, that the nervous apparatus by which, in 
^e normal state, sensations of touch are excited, is that 
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by which external influences determine the movementB 
of the body, in the abnormal state. But does the state 
of consciousness, which ttc term a tactile sensation, 
accompany the operation of this nervoos apparatus in the 
abnormal state ? or is consciousness utterly absent, the 
man being reduced to an insensible mechanism ? 

It is impossible to obtain direct evidence in favour 
of the one conclusion or the other ; all that can be said 
is, that the case of the frog shows that the man may be 
devoid of any kind of consciousncas. 

A further difficult problem is this. The man is in- 
sensible to sensory impressions made through the ear, 
the nose, the tongue, and, to a great extent, tlie eye ; nor 
is he susceptible of pain from causes operating during 
his abnormal state. Nevertheless, it is possible so to act 
upon his tactile apparatus, as to give rise to those mo- 
lecular changes in his eensorium, which are ordinarily 
the causes of associated trains of ideas. I give a strik- 
ing example of this process in Dr. Jtfesnot's words : — 

" H ee promooait dans le jardin, eoqs nn inansif d'arbros, on Ini 
remet i la main ea caone qn'il Bvait ItussS tomber qnelqnea minutes 
avant. II la palpe, promSne i plnsienr§ reprises la main sar la 
poigate coadSe de sa canne — devient attentiC — aemble pr6ter I'DreillB 
— et, tont-S-oonp, appelle 'Henri I ' Puia, 'Les voilSl Ha sent an 
moina nne vingtaine I A noua dens, nona en vieodrona eI bont I ' Et 
alors portant la mdn derriSre son dos comme poor prendre nne car- 
toacbe, il fut le monvemeat do charger son arme, so concbe dans 
I'herbe i plat ventre, la t6te oaobSe par no arbre, dana la position 
d'nn tiraillear, et sait, Tarma SpanlSe, tons les monvements de I'en- 
nemi qu'il croit voir 4 conrto distance." 

In a subsequent abnormal period, Dr. Mesnet caused 
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the patient to repeat this ecene by placing him in the 

same conditions. Now, in this case, the question arises 
whether the series of actions constitnting this eingnlar 
pantomime was accompanied by the ordinary states of 
coQBciouEiieEB, the appropriate train of ideas, or not! 
Did the man dream that he was skirmishing? or was 
he in the condition of one of Vancauson's automata — 
a senseless mechanism worked by molecular changes in 
his nervous system ? The analogy of the frog shows that 
the latter assamption ia perfectly JTistifiable. 

The ex-sergeant has a good voice, and had, at one 
time, been employed as a singer at a cafe. In one of 
his abnormal states lie was observed to begin humming 
& tune. Ho then went to his room, dressed himself care- 
fully, and took np some parts of a periodical novel, which 
lay on his bed, as if be were trying to lind something. 
Dr. Mesnet, suspecting that he was seeking hia mnsic, 
made up one of these into a roll and put it into hie hand. 
He appeared satisfied, took np his cane and went down- 
stairs to the door. Here Dr. Mesnet turned hitn round, 
and be walked quite contentedly, in the opposite direc- 
tion, towards the room of the concierge. The light of 
the sun shining through a window now happened to fall 
upon him, and seemed to suggest the footlights of the 
n which he was accustomed to make his appear- 
limce. He stopped, opened his roll of imaginary music, 
"put himself into the attitude of a singer, and sang, with 
perfect execution, three songs, one after the other. After 
which he wiped his face with his handkerchief and drank, 
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without a grimace, a tumbler of strong vinegar and water | 

whieb was put into his hand. I 

An experiment which may be performed upon the ] 

frog deprived of the fore part of its brain, well known I 

as Goltz's " Qnak-versuch," affords a parallel to this per- 
formance. If the aldn of a certain part of the back of \ 
BQch a frog is geutlj stroked with the finger, it imme- I 
diately croaks. It never croaks unless it is so stroked, ii 
and the croak always follows the stroke, just as the 
sound of a repeater follows the touching of the spring. I 
In the frog, this "song" is innate — so to speak a priori | 
— and depends upon a mechanism in the brain governing || 
the vocal apparatus, which is set at work by the mo- || 
lecular change set up in the sensory nerves of the skin i 
of the back by the contact of a foreign body. \ 

In man there is also a vocal mechanism, and the cry ' 

of an infant is in the same sense innate and d priori, ) 

inasmuch as it depends on an organic relation between | 

its sensory nerves and the nervous mechanism which 
governs the vocal apparatus. Learning to speak, and 1 
learning to sing, are processes by which the vocal meeh- 
anism is set to new tunes. A song which has been 
learned has its molecular equivalent, which potentially 
represents it in the brain, just as a musical box wound 
up potentially represents an overture. Touch the stop 
and the overture begins ; send a molecular impulse along 
the proper afferent nerve and the singer begins his song. 

Again, the manner in wliich the frog, though appar- 
ently insensible to light, is yet, under some circumstances, 
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inflaenced by vieaal imageB, liads a BiDgQlar parallel in 
the case of the ex-eergeant. 

Sitting at a table, in one of his abnormal states, he 
took up a pen, felt for paper and ink, and began to 
ite a letter to his general, in which he recommended 
lelf for a medal, on account of his good conduct 
and courage. It occurred to Dr. Mesnet to ascertain 
ixperi mentally how far vision was concerned in this act 
of writing. He therefore interposed a screen between 
man's eyes and his hands ; tinder these circumstances 
Ite went on writing for a short time, but the words be- 
came illegible, and he finally stopped, without manifest- 
ing any discontent. On the withdrawal of the screen 
he began to write again where he had left off. The snb- 
stitutiun of water for ink in the inkstand had a aimilar 
result. He stopped, looked at his pen, wiped it on his 
coat, dipped it in the water, and began again, with the 
same effect. 

On one occasion, he began to write upon the top- 
most of ten superimposed sheets of paper. After he 
Itten a line or two, this sheet was suddenly drawn 
away. There was a slight expression of surprise, but he 
intinued liis letter on the second sheet exactly as if it 
aad been the first. This operation was repeated five 
times, so that the fifth sheet contained nothing but the 
writer's signature at the bottom of the page. Nevei^ 
thelesB, when the signature was finished, his eyea turned 
■ the blank sheet, and he went through t 
iQg over what he had written, a movenw 
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of the lipB accompanying each word ; moreover, with his 
pen, he pat in such corrections as were needed, in that 
part of the blank page which corrcBponded with tlie 
position of the words which reqnired correction, in the 
sheets which had been taken away. If the five eheeta 
had been transparent, therefore, thej would, when snper- 
posed, have formed a properly written and corrected 
letter. 

Immediately after he had written his letter, F 

got up, walked down to the garden, made himself a 
cigarette, hghted and smoked it. He was about to pre- 
pare another, but sought in vain for his tobacco-ponch, 
which had been purposely taken away. The pouch was 
now thrust before Lis eyes and put nader hia nose, but 
he neither eaw nor smelt it ; bat, when it was placed 
in his hand, he at once seized it, made a fresh cigar- 
ette, and ignited a match to light the latter. The match 
was blown out, and another lighted match placed close 
before his eyes, but he made no attempt to take iti 
and, if hia cigarette was lighted for him, he made no 
attempt to smoke. All this time the eyes were vacant, 
and neither winked, nor exhibited any contraction of the 
pupils. From these and other experiments. Dr. Mesnet 
draws the conclasion that his patient sees some things 
and not others; that the sense of sight is accessible to 
all things which are brought into relation with him by 
the sense of touch, and, on the contrary, insensible to 
things which lie outside this relation. He sees the match 
he holds, and does not see any other. 
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Just 80 the frog "sees" the book which is in the way 
of his jump, at the same time that isolated visa^ im- 
pressions take no effect upon him.* 

As I have pointed out, it is impossible to prove that 

I J" is absolutely unconscious in hia abnormal state, 

I but it is no less impossible to prove the contrary; and 
the case of the frog goes a long way to justify the 
asBumptiun that, in the abnormal state, the man is a 
mere insensible machine, 

If such facta as these had come under the knowl- 

* Those who hate bail occasion to bewme acquaiated vitli th« phe- 
nompnft of eoniaambulism and of mesmeriam, will bo struck wfth tiio cluae 
parallel which thcj present to the proceediuga of F. in bi» abooriiist ettle. 
But the great value of Dr, Mesncl's observatioQB lies in the fact that the 
nbnonnal condition ia Iraceahla lo a definll* injury to the brain, tad thai 
the circumstanceB are euoh as to keep us dear of the cloud of volunlaiy 
and inTolnotary fictions m ichich tha truth is too often smothered in such 
cases. Id the uufortunale subjecU of such abnormal conditlonB of the 
brain, the disturbanoo of the sensory and inl^Uectual faculties ia oat unfre- 
qacntl; accompanied by a perturbaLion of the moral nature, which may 
manifest Itself in a most aslonishiog love of lying for its own sake. And, 
in this respect, also, F.'b case is singularly rnstructive, for though, in hii 
normal state, he is a perfectly honest man, in hia ebnoFaal cODdilion hv ia 
an inveterate thief, stealing and hiding away whatever he can lay hands on, 
with much deiterlty, and with an absurd indifference as to whether the 
property is his own or not. Hoffman's terrible conception of the " Doppelt- , 
(^ngor " is realised by men in this state — who live two lives, ia the one of 
which they mny he guilty of the most criminal acts, while, in the other, 
they are eminently virtuous and respectable. Keither life knows anjthing 
of the other. Dr. Mesnet states that he has watched a man in his abnor- 
mal stale elaborately prepare to hang himself, and has let bim go on unlit 
asphyxia get in, when he cut him down. But on passing into the normal 
slate the would-be suicide was wholly ignorant of what had happened. The 
probtom of responsibility is here as complicated as that of the prince- 
bishop, who swore as a prince and not na a bishop. "But, bighncsa, if tbc 
prince is damned, what will become of the bishop !" said the peasant, 
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edge of DeBcartes, would they not have formed an apt 
commentary npoa that remarkable passage in the " Traite 
de I'Homme," which I have qnoted elsewhere,* but 
which is worth repetition? — 

"All the functiona nhicb I have attributed to this macbine (the 
body), as the digestion of food, the paleatioa of the heart and of the 
arteries; the nutrition, and the growth of the limbs; respirntion, 
wakefulness, and sieep; tbu reception of light, sounds, odours, fla- 
vours, heat, and snch iike qualities, iu the organs of the ezternal 
senses; the impression of the ideas of these in the organ of com- 
mon sensation and in the imagination ; the retention or the impres- 
eioa of these ideas on the raemorj; the internal movements of the 
appetites and the passions ; and lastlj the external movements of all 
the limbs, which follow so apti?, as well the action of the ohjeets 
which are presented to the senses, as the impressions which meet in 
the memory, that they imitate as nearly as possible those of a real 
man; I desire, I say, that you should aonaidcr that these fonctiona 
in the machine naturally proceed from the mere arrangement of its 
organs, neither more nor less than do the movements of a olook, or 
other automaton, from that of its weights and its wheels; ho that, 
80 for as these are concerned, it is not necessary to conceive any 
other vegetative or sensitive eoul, nor any other principle of motion 
or of life, than the blood and the spirits agitated by the fire which 
burns continnaUy in the heart, and which is no wise essentially dif- 
ferent from all the fires which exist in inanimate bodies." 

And would Descartes not have been justified in asMng 
why we need deny that animala are machines, when 
men, in a state of iinconseiouBneHs, perform, mechanic- 
ally, actions as complicated and as seemingly rational as 
those of any animals? 

But thongh I do not think that Descartes' hypothesis 
can be positively refuted, I am not disposed to accept 
it. The doctrine of continuity is too wcU established 
* " Lay Sepmonl, Essays iind Reviews," p. 36B. 
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for it to be permissible to me to Boppose that any com- 
plex natoral pheoomenoD comes into esistence eaddeiilj, 
and without being preceded by simpler modifications ; 
and very etrong ailments would be needed to prove 

^ tliat Eoch complex phenomena, as those of conscioiiB- 
ncss, first make their appearance in man. We know, 
that, in the individual man, consciousneee grows from a 
dim glunmer to its foil light, whether we consider the 
infant advancing in years, or the adult emerging from 
alamber and swoon. We know, further, that the lower 
animals poeeess, though less developed, that part of the 
brain which we have every reason to believe to be the 
organ of conscionsnees in man ; and as, in other cases, 
fimction and organ are proportional, so we have a right 
1 to conclnde it is with the brain ; and that the brutes, 
though they may not possess onr intensity of confidous- 
ness, and though, from the absence of language, they 
can have no trains of thoughts, but only trains of feel- 
ings, yet have a conscionsness which, more or less dis- 

, tinctly, foreshadows onr own. 

I I confess that, in view of the struggle for existence 
which goes on in the animal world, and of the fright- 
ful quantity of pain with which it mnst be accompanied, 
I shonld be gjad if the probabifities were in favour of 
Descartes' hypothesis ; but, on the other hand, consider- 
ing the terrible practical consequences to domestic ani- 
;h might ensue from any error on our part, it 

lis as well to err on the right side, if we err at all, an4 
1 with them as weaker brethren, who are bonnd, Hki 
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the rest of us, to pay tlieir toll for living, and suffer 
what is needful for the general good. Ab Hartley finely 
says, "We seem to be in the place of God to them;" 
and we may justly follow the precedents He eeta in 
nature in onr dealings with them. 

But though we may see reason to disagree with Des- 
cartes' hypothesis that brutes are unconscious machines, 
it does not follow that he was wrong in regarding them 
as automata. They may be more or leas conscious, sen- 
sitive, automata ; and the view that they are such con- 
scious machines is that which is impHcitly, or explicitly, 
adopted by most persons. When we speak of the ac- 
tions of the lower animals being guided by instinct and 
not by reason, what we really mean is that, though they 
feel as we do, yet their actions are the results of their 
physical organisation. We believe, in short, that they are ' 
machines, one part of which (the nervous system) not 
only sets the rest in motion, and co-ordinates its move- 
ments in relation with changes in surrounding bodies, 
but is provided with special apparatus, the function of 
which is the calling into existence of those states of con- 
sciousness which are termed sensations, emotions, and 
ideas. I believe that this generally accepted view is 
the best expression of the facts at present known. 

It is experimentally demonstrable — any one who cares 
to ran a pin into himself may perform a sufficient dem- 
onstration of the fact — that a mode of motion of the 
nervous system is the immediate antecedent of a state 
t consciousnese. All but the adherents of " Occasion- 
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or of the doctrine of " Fre-established Haiv 
mony" (if any 6uch now exist), must admit that we 
have aa much reason for regarding the mode of motion 
of the nervous system as the cause of the state of con- 
BciouBueBs, as we have for regarding any event as the 
cause of another. How the one phenomenon causes the 
other we know, as much or as little, as iu any other case 
of causation ; but we have as much right to believe that 
the sensation is an efiect of the molecular change, as we 
I have to believe that motion is an effect of impact ; and 
I there is as much propriety in saying that the bratu 
evolves sensation, as there is in saying that an iron rod, 
when hammered, evolves heat. 

As I have endeavoured to show, we are joetified in 
Bupposiug that something analogous to what happens in 
ourselves takes place in the brutes, and that the affec- 
tions of their sensory nerves give rise to molecular 
changes in Ibe brain, which again give rise to, or evolve, 
tiie corresponding states of eonseiouBncfia. Nor can there 
■ be any reasonable doubt that the emotions of brutes, and 
I such ideas as they possess, are similarly dependent upon 
molecular brain changes. Each sensory impresaion leaves 
behind a record in the structure of the brain — an " idea- 
genous" molecule, so to speak, which is competent, un- 
der certain conditions, to reproduce, in a fainter condi- 
tion, the state of consciousness which corresponds with 
that sensory impression ; and it is these " ideagenous 
molecules" which are the physical basis of memory. 
It may be asemned, then, that molecular changes in 
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the brain are the causes of all the Btatee of conscioua- 
nes3 of brutes. Ib there any evidence that these states 
of consciousness may, conversely, cause those molecular 
changes which give lise to muscular motion ? I see no 
snch evidence. The frog walks, hope, swims, and goes 
throngh his gymnastic performances quite as well with- 
out consciousness, and consequently -without volition, as 
with it ; and, if a frog, in his natural state, possesses any- 
thing corresponding with what we call volition, there is 
no reason to think'that it is anything but a concomi- 
tant of the molecular changes in the brain which form 
part of the series iuToIved in the production of mo- 
tion. 

The eonsciouBnesB of bmtee would appear to be re- 
lated to the mechanism of their body simply as a col- 
lateral product of its working, and to be as completely 
without any power of modifying that working as the 
steam-whistle which accompanies the work of a locomo- 
tive engine is without influence upon its machinery. 
Their voUtion, if they have any, is an emotion indica- 
tive of physical changes, not a cause of such changes. 

This conception of the relations of states of con- 
sciouBness with molecular changes in the brain — ai psy- 
choses with neuroses — does not prevent ns from ascrib- 
ing free will to brutes. For an agent la free when 
there is nothing to prevent him from doing that which 
he desires to do. If a greyhound chases a hare, ho is 
a free agent, because his action is in entire accordance 
with his strong desire to catch the hare ; while so long 
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held back bj the leash he is not free, being 
preveated by external force from following his inclina- 
tion. And the ascription of freedom to the greyhound 
nnder the former circumstances is by no means incon- 

itent with the other aspect of the facts of the case 
'—that he is a machine impelled to the chase^ ajid caosed, 
at the same time, to have the desire to catch the game 
by the impression which the rays of light proceeding 
from the hare make upon his eyes, and through them 
upon his brain. 

' Much ingenious argument has, at various times, been 
bestowed npon the question : How is it possible to im- 
agine that volition, which is a state of conBciousness, 
and, as such, has not the slightest community of natnre 
iTPith matter in motion, can act upon the moving matter 
'of which the body is composed, as it is assumed to do 
in voluntary acts ? But if, as is here suggested, the 
voluntary acts of brutes — or, in other words, the acts 
which they desire to perform — are as purely mechanical 
as the rest of their actions, and are simply accompanied 
by the state of consciousness called volition, the inquiry, 
BO far as they are concerned, becomes superfluous. Their 
volitions do not enter into the chain of causation of their 
actions at all. 

The hypothesis that brutes are conscious automata 

perfectly consistent with any view that may be held 
respecting the often discussed and curious question 
whether they have eoula or not; and, if they have sonls, 
whether those souls are immortal or not. It is obviously 
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ce to tho test I 



harmonioTis with the most literal adherence t 
of Scripture concerning " the beast that perisheth ; " hat 
it is not iDconsiEtent with the amiable conviction as- 
cribed by Pope to his "untutored savage," that when 
he passes to the happy hunting-grounds in the sky, " his 
faithful dog shall bear him company." If the brutes 
have consciousness and no souls, then it is clear that, in 
them, consciousness is a direct function of material 
changes; while, if they possess immaterial subjects of 
consciousness, or souls, then, as consciousness is brought 
ioto existence only as the consequence of molecular mo- 
tion of the brain, it follows that it is an indirect product 
of material changes. The soul stands related to the 
body aa the bell of a clock to the works, and conscious- 
ness answers to the sound which the bell gives out when 
it is struck. 

Thus far I have strictly confined myself to tho prob- 
lem vrith which I proposed to deal at starting — ^the au- 
tomatism of brutes. The question is, I believe, a per- 
fectly open one, and I feel happy in running no risk of 
either Papal or Presbyterian condemnation for the views 
which I have ventured to put forward. And there are 
so very few interesting questions which one is, at pres- 
ent, allowed to think out scientifically — to go as far as 
reason leads, and stop where evidence comes to an end 
— without speedily being deafened by the tattoo of " the 
drum ecclesiastic" — that I have luxuriated in ray rare 
freedom, and would now willingly bring this disquisition 
to an end if I could hope that other people would go 
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I farther. TlnfortiiDately, past experience debars me 
1 entertaiDing any such hope, even if 



t 

^^^B that driim^s discordant sound 

^^^F Paradiog round and round tmd toudO,'' 

" were not, at present, as audible to me, as it was to the 
mild poet who ventured to express his hatred of dmnia 
in general, in that well-known couplet. 

It will be said, that I mean that the conclusions de- 
duced from the study of the brutes are applicable to 
man, and that the logical conseijneQces of such applica- | 
tion are fatalism, materialism, and atheiem — whereupon 

I the drums will beat the pm de charge. 
One does not do battle with drummere; but I ven- 
ture to offer a few remarks for the calm consideration of 
thoughtful persons, untrammelled by foregone conclu- 
irions, unpledged to shore-up tottering dogmas, and anx- 
ious only to know the true bearings of the case. 

It is quite true that, to the best of my judgment, the 
argumentation which applies to brutes holds equally 
good of men ; and, therefore, that all etat^ of conscious- 
ness in us, as in them, are immediately caused by mo- 
■lecular changes of the brain-substance. It seems to me 
diat in men, as in brutes, there is no proof that any 
itate of consciousness is the cause of change in the mo- 
tion of the matter of the organism. If these positions 
are well based, it follows that our mental conditions ate 
mply the symbols in consciousness of the changes 
ch take place automatically in the organism ; and 
;, to take an extreme illustration, the feeling we call 
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volition is not the canae of a volnDtaiy act, bnt the sym- 
bol of that state of the brain which is the immediate 
cause of that act. We are consciona automata, endowed j 
with free will in the only intelligible sense of that much- 
abused term — inasmuch as in many respects we are able 
to do as we like — bat none the less parts of the great 
series of causes and effects which, in unbroken continuity, 
composes that which is, and has been, and shall be — the 
sum of existence. 

As to the logical consequences of this conviction of 
mine, I may be permitted to remark that logical con- 
sequences are the scarecrows of fools and the beacons of ' 
wise men. The only question which any wise man can 
ask himself, and which any honest man will ask himself, 
is whether a doctrine is true or false. Consequences 
will take care of themselves ; at most their importance 
can only justify us in testing with extra care the reason- 
ing process from which they result. 

So that if the view I have taken did really and logic- 
ally lead to fatalism, materialism, and atheism, I should 
profess myself a fatalist, materialist, and atheist; and 
I should look upon those who, while they believed in 
my honesty of purpose and intellectual competency, 
should raise a hue and cry against me, ae people who 
by their own admission preferred lying to truth, and 
whose opinions therefore were unworthy of the smallest 
attention. 

But, as I have endeavoured to explain on other ocea- 
eions, I really liave no claim to rank myself among fatal- 
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Not among 
^tOiSai^ fir T iitB<iecg^BS^^Bce6Bity to hare a 
k^ral, and BOt a f^mtal foadadon ; act among ma- 

iierialiEta, for I am-sttariy ae^iable of conceiving the 
rrjatmra <if matta- if tfaov ia do mind in vhicb to pic- 
tan that rrirtfirr; not among atheists, for tbe prob- 
kn of tin ahimate eanae of CKtstence is one which 
aocma to me to be hn[wtfiiilj out of reach of mv poor 
povcn. Of an tbe eensaten babble I bave ever had 
occasion to read, the demonBtiatioos of tbeee philosopher 
who nndertake to teQ ns all about the nature of God 
would be the wixst, if thej were not snrpassed by the 
Btill greater abFtmlities of the philoeophers who try to 
prove that there is no God. 

And if this personal disclaimer ghoiild not be enough, 
let me farther point ont that a great man j persons whose 
acnteness and learning will not be contested, and whoee 
Christian piety, and, in some cases, strict orthodoxy, are 
above enspidon, have held more or lees definitely the 
view that man is a conedoiiB automaton. 

It is held, for example, in snbetance, bj the whole 
echool of predestinarian theologians, typified by St. An- 
gnstine, Calvin, and Jonathan Edwards — the great work 
of the latter on the will showing in this, as in other 
cases, that the growth of physical science has introdnoed 
no new difficulties of principle into theological problems, 
but has merely given visible body, as it were, to those 
B^Ueh already existed. 

Among philosophers, the pious Geolincx and the 
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whole school of occasionalist Carteflians held this v-icw ; 
the orthodox Leibnitz invented the term " automate 
Bpiritnel," and applied it to man ; the fervent Christian, 
Hartley, was one of the chief advocates and best exposi- 
tors of the doctrine ; while another zealous apologist of 
Christianity in a sceptical age, and a contemporary of 
Hartley, Charles Bonnet, the Genevese naturalist, has 
embodied the doctrine in language of such precision and 
simplicity, that I ■will quote the little-known passage of 
hifl '- Essai de Psychologie " at length : — 

" AnoTCren HTPOTnKsis oonokeniko tab Mbchanisu of Ideas. * 



" PLiloBophera accustomed to judge of things by ihat wbiub thej 
are in themaelTes, and not by tbeir relation to received ideoa, would 
not be ebocked if tbey mot witli the proposition that the soul ia a 
mere spectator of the movemeuCs of ita body : that the latter per- 
forms of itself all that scnes of actiona whiub coiiBtitutea life : that 
it moves of itself ; that it ia tlie body alone whioh reproduces ideas, 
comparea and arrangea them; which forma reasonings, imagiDeaand 
exocates plans of all kinds, etc. This hypothesis, though perhapa 
of an escessiTe boldness, nevertheless deaervea some consideration, 

" It is not to be denied that Supreme Power could create an au- 
tomaton which sbould exactly imitate all the external and internal 

"I understand by eiternal actions, all those movements which 
pass under onr eyes; I term internal actions, all the motions 
which in the natnral abate cannot be observed because they take 
place in the interior of the body — such aa the movementB of diges- 
tion, oirculation, sensation, etc. Moreover, I include in this cate- 
gory the movements which give rise to ideas, whatever be their 
nature. 

" In the automaton which we are considering everything wonld 
be precisely determined. Everything would occar according to the 
rales of the most admirable mechanism: one state would succeed 

* " Ess&i de Faychologie," chap, iivii. 
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another state, one operatiiHi would lead to another open&m, le- 
cording to i&Tariable laws ; in otioB would beoome alterQatelj eauM 
and effect, effect aoA cause ; reaction woold answer to sctiDn, and 
reproduction to prodoctioD. 

" Constmcted with definite relatioDs to the activity of the beings 
which coropofte the world, the automaton would receire impres^ons 
from it, and, in futhfnl correspondence thereto, it woold execute a 
corresponding series of motions. 

" Indifferent towards any determination, it wonld yield equally 
to all, if the Urst impressions did not, so to speak, wind op the ma- 
chine and decide its operations and its course. 

" The series of moTements which this automaton conld eiecntfl 
woidd distinguish it from all Others formed on the enme mode!, 
hot which, not having been placed in similar circumstances, would 
not have eiperienood the same impressions, or wonld not have ex- 
perienced them in the same order. 

"The senses of the automaton, set in motion by the objects pre- 
sented to it, wonld Dommnnicate their motion to the brun, the 
chief motor apparatus of the machine. This wonld pnt in action 
the mnscles of the hands and feet, in virtne of their secret oonneo- 
tian with the senses. These muscles, alternately contracted and 
dilated, wonld approximate or remove the automaton ft-om the nb- 
jeota, in the relation which they would bear to the conservation or 
the destruction of the machine. 

"The motions of perception and sensation which the objects 
wonld have impressed on the brain, would be preserved in it by the 
enei^ of its mechanism. They would beooine more vivid accord- 
ing to the actual condition of tha automaton, considered in itself 
and relatively to the objects. 

"Words being only the motions impressed on the organ of hear- 
ing nnd that of voioe, the diversity of these movementa, their coa- 
binalian, the order in which they would sncceed one another, wonld 
represent judgments, reasoning, and all the operations of the mind. 

" A close correspondence between the organs of the senses, either 
by the opening into one another of their nervous ramifications, or 
by interposed springs {reMorU), would establish snob a connection in 
their working, that, on the occasion of the movements impressed 
on one of these organs, other movements wonld be excited, or wonld 
become more vivid in some of the other senses. 

"girethe automaton a sonl which contemplates ita movemeatei 
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vhioh believes itaelf to be the antbor of them, which has different 
volitions on the occasion of the different movemonta, and 7011 will 
on tbia bjpotbeais constract a man. 

"But would this man be free? Can the feeling of our liberty, 
this feeling wliiob is so clear and so distinct and so vivid as to per- 
snade us that we are the authors of our actions, be oonoiliated with 
thb hypothesis I If it removes the difBonlty which attends the con- I 
ception of the action of the soul on the body, on the other band it 1 
leavea untouched that which meets us in endeavonring to conceive ' 
the action of the body on the son)." 

Bnt if Leibnitz, Jonathan Edwards, and Hartley — 

men who rank among the giants of the world of thought 
— could see no antagonism between the doctrine under 
discusaion and Christian orthodoxy, iB it not just possible 
that smaller folk may he wrong in making euch a coil 
about '' logical consequences " ? And seeing how large 
a share of this clamour is raised by the clergy o£ one 
denomination or another, may I say, in conclusion, that 
it really would be well if ecclesiastical persona wonld 
reflect that ordination, whatever deep-seated graces it 
may confer, has never been observed to be followed by 
any visible increase in the learning or the logic of its 
subject. Making a man a Bishop, or entrusting him 
with the ofEce of ministeriog to even the largest of 
Presbyterian congregations, or setting him up to lecture 
to a Church congress, really does not in the smallest de- 
gree augment such title to respect as his opinions may 
intrinsicaUy possess. And, when such a man presumes 
on an authority which was conferred upon him for other 
purposes, to sit in judgment upon matters his incompe- 
tence to deal with which is patent, it is ] 
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^nore He sacerdotal preteneions, and to tell faim, as one 
would tell a mere common, unconsecrated lajman ; that 
it is not necessary for any man to occupy himself with 
problems of this kind unless he so choose ; life is filled 
full enough by the performance of its ordinary and obvi-' 
CDS duties. But that, if a man elect to become a judge 
of these grave questions; still more, if he assnme the 
responsibility of attaching praise or blanie to his fellow- 
men for the conclusions at which they arrive touch- 
ing them, he will commit a sin more grievous than most 
breaches of tlie Decalogue, imless he avoid a lazy reli- 
ance upon the information that is gathered by prejudice 
and filtered through passion, unless he go back to the 
prime sources of knowledge— the facts of nature, and 
the thoughts of those wise men who for generations 
past have been her best interpreters. 




ON SENSATION AND THE UNITY OP 
STRUCTURE OF SENSIFEEOUS OKGANS. 

The maxim tliat metapLyaical inquirieB are barren 
of resalt, and that the serious occupation of the mind 
with them is a mere waste of time and labonr, finds 
r-nrnch favour in the eyes of the many persona who 
I pride themselves on the possession of sound common 
sense ; and we sometimes hear it enunciated by weighty 
authorities, as if its natural consequence, the suppression 
of such studies, had the force of a moral obligation. 
I In this case, however, as in some others, those who 
F lay down the law seem to forget that a wise legislator 
will consider, not merely whether his proposed enact- 
ment is desirable, but whether obedience to it is possible. 
For, if the latter question is answered negatively, the 
former is surely hardly worth debate. 

Here, in fact, lies the pith of the reply to those 
who would make metaphysics contraband of intellect. 
Whether it is desirable to place 8 prohibitory daty upon 
philosophical speculations or not, it is utterly impoB- 
flible to prevent the importation of them into the mind. 
And it is not a little curious to observe that those who 



r 



I 



aSi SENSATION AND THE BEN8IFEROD8 ORGANS. 

most londlj profess to abstain from sach commodities 
are, all the while, unconeciooa consumers, on a great 
scale, of one or other of their multitudinons disgaisefi 
or adulterations. With months full of the particular 
kind of heavily buttered toafit which they affect, they 
inveigh against the eating of plain bread. In truth, the 
attempt to nourish the human intellect upon a diet 
which contains no metaphysics is about as hopeful as 
that of certain Eastern sages to nourish their bodies 
without destroying life. Everybody has heard the story 
of the pitiless microscopist, who ruined the peace of 
mind of one of these mild enthusiasts by showing him 
the animals moving in a drop of the water with which, 
in the innocency of his heart, he slaked his thirst ; and 
the unsuspecting devotee of plain common sense may 
look for as unexpected a shock when the magnifier of 
severe logic reveals the germs, if not the full-grown 
ihapes, of lively metaphysical postulates rampant amidst 
his most positive and matter-of-fact notions. 

By way of escape from the metaphysical "Will-o'- 
the-wisps generated in the marshes of literature and 
theology, the serious student is sometimes bidden to 
betake himself to the solid ground of physical science. 
But the fish of immortal memory, who threw himself 
out of the frying-pan into the fire, was not more ill 
advised than the man who seeks sanctuary from philo- 
Bophical persecution within the walls of the observatory 
the laboratory. It is said that " metaphysics " owe 
uAme to the fact that, in Aristotle^s works, qoeo- 
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tions of pure pliilosopliy are dealt with immediately 
after those of physics. K bo, the accident is happily 
Bymbolical of the essential relations of things ; for meta- 
physical speculation follows as closely upon physical 
theory as black care npon the horseman. 

One need but mention ench fundamental, and in- 
deed indispensable, conceptions of the natural philoso- 
pher as those of atoms and forces : or that of attraction 
considered as action at a distance ; or that of potential 
energy ; or the antinomies of a vacuum and a plenum ; 
to call to mind the metaphysical background of physics 
and chemistry ; while, in the biological sciences, the 
ease is still worse. What is an individual among the 
lower plants and animals ? Are genera and species 
realities or abstractions ? Is there such a thing as Tital 
Force ! or does the name denote a mere relic of meta- 
physical fetichism ! Is the doctrine of final cansea 
legitimate or illegitimate? These are a few of the 
metaphysical topics which are suggested by the most 
elementary study of biological facts. But, more than 
this, it may be truly said that the roots of every system 
of philosophy lie deep among the facts of physiology- 
No one can doubt that the organs and the functions 
of sensation are as much a part of the province of 
the physiologist, as are the organs and functions of 
motion, or those of digestion ; and yet it is impossible 
to gain an acquaintance with even the rudiments of 
the physiology of sensation without being led straight 
to one of the meet fundamental of all metaphysical 
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problems. In fact, the sensory operations have been, 
from time immemorial, the battle-gronnd of philoeophere. 
I hare more than once taken occasion to point out 
that we are indebted to Descartes, who happened to be a 
physiologiat aa veil as a philosopher, for the first distinct 
enuQciatioa of the essential elements of the tme theory 
of flensation. In later times, it is not to the works of the 
philosophers, if Hartley and James Mill are excepted, 
bat to those of the physiologists, that we must tarn for 
an adequate account of the sensory process, nailer's 
luminous, though sammary, account of sensation in his 
admirable "PrimEe Lineae," the first edition of which 
was printed in 1747, offers a striking contrast to the 
prolixity and confusion of thought which pervade Keid'a 
" Inquiry," of seventeen years' later date.* Even Sir 
William Hamilton, learned historian and acute critic as 
ho was, not only failed to apprehend the philosophical 
bearing of long-establishod physiological troths ; but, 
when be affirmed that there is no reason to deny that the 
mind feels at the finger points, and none to assert that 
the brain is the solo organ of thoHght,t he showed that 

* In justioe to Held, however, it abouM be Btsted thnt the cbupten <in 
KnfUtioa in tbu " Gau^B on the Intollcctuai Powers " (ITSS) exhibit b great 
improTBment, He iB, in fact, in advance of hia commentatar, as the note 
to EsBa; 11. chap, li. p. S4B of HamlltoD'a edition ahawa. 

t Bailor, amplifyiag Deacartes, writoa in the "Prhnffi Lineie," cocltti. 
— "Non e»t udeo obacurum acnsum omnem orirl ab objccti acnsilHlis im- 
preaaione in Domim quemcamque corporis humani, et eftiadcm per eiiin 
nerTum ad cerebnuu perreoientem tunc dcmum reprcaentari animm, quandu 
oerebrum ndtigit. Ut otiim hoc falBiim eit animua inproiitaa per senBoris 
ner7onim(|iio ramos sentire." . . . dltii. — " Dum ergo acntimuH quinquo 
dlversilBiffla catia coDJunguntur: corpus quod 
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Le had not apprehended the BigDificance of the revolu- 
tion commenced, two hcndred years before his time, by 
Descartes, and effectively followed np by Haller, Hart> 
ley, and Bonnet, in the middle of the laat century. 

In truth, the theory of sensation, except in one point, 
IB, at the present moment, very much where Hartley, led 
by a hint of Sir Isaac Newton's, left it, when, a hundred 
and twenty years since, the " Observations on Man : his 
Frame, his Duty, and his Expectations," was kid before 
the world. The whole matter is pnt in a nutshell in the 
following passages of this notable book. 

"Esteraal objocU impressed upon the senses occBsion, first on 
the aerres on which thej are impressed, and then on the brain, 
vibrationa of the flmall and, as we may say, infinitesimal medullary 
particles, 

" These vibratioas are motions backwards and forwards of tbe 
small particles ; of the same kind with the oacilktiona of pendnlama 
and the tremblinga of the particles of sonnding bodies. They mast 
be coDceiTed to be exceedingly short and smalJ, so as not to have 
the least efficacy to distnrb or move tbe whole bodies of the nerves 

" The white medullary snbstance of the brain is also the imme- 
diate instrament by which ideas are presented to the mind ; or, in 
other words, whatever changes are made in this snbstance, corre- 
sponding changes are made in oar ideas ■ and vic4 tena." t 

adfcctio ab eo corpora: cerebri adfectio a sensorii percuBsione nata: \a 
Bnima Data mutatio : animic denique conscientia et BeoSBtiooia adperceptio." 
NeverthelBBa, Sir William Ilamillon gravely informs his hearers: — "Wa 
have no more right to deny that the mind teclB at the finger points, as con- 
ficiausneas assures ub, than to assert that it tbinlis excluaivelj in the brain." 
— "Lecture on Metapliysica and Logic," ii. p. 128. "We have no reason 
whatever to doubt the raport of conscionsneBB, that we actually perceive at 
the external point of acnsstian, and that we perceive the material reality," 
— IbiJ, p. 129. * " Oblcrvations on Man," vol. i. p. 11. 

f I&id. p. 8. The Bpcculations of Bonnet are remarkably dmllar (o 
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Hartlej, like Haller, had no conception of the nature 
and functions of the grey matter of the brain. But, if 
for " white medullary siibatance," in the latter paragraph, 
we substitnte " grey cellular substance," Hartley's propo- 
otions embody the most probable conclusions which are 

be drawn from the latest inyestigationa of physiolo- 
gists. In order to jndge how completely this is the case, 
it will be well to stndy some simple case of sensation, 
and, following the example of Keid and of James "Mill, 

may begin with the sense of smell. Suppose that I 

iome aware of a musky scent, to which the name of 
"muskiness " may be given. I call this an odoor, and I 
class it along with the feelings of light, colours, Bounds, 
tastes, and the like, among those phenomena which are 
known as aensations. To say that I am aware of this 
phenomenon, or that I have it, or that it exists, are 
simply different modes of af&rming the same facts. If I 
am asked how I know that it esiste, I can only reply that 
its existence and my knowledge of it are one and the 
same thing ; in short, that my knowledge is immediate 
or intuitive, and, as such, is possessed of the highest con- 
ceivable degree of certainty. 

The pure sensation of muskiness is almost sure to be 
followed by a mental state which is not a sensation, but a 
belief, that there is somewhere close at hand a something 
on which the existence of the sensation depends. It may 

those of n&nlej : uid tlicj appear to have originated ludependentlj, thougli 
lhe"EasBi de Psjchologie" (1764) ia of five fears' later date than tha 
<> ptMervatiuDS OD Man " (1 719). 
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be a mOBk-deer, or a muBk-rat, or a mugk-plant, or a graiQ 
of dry musk, or simplj a scented handkerchief ; bnt 
former experience leads ub to believe that the Eensation 
is due to the presence of one or other of these objects, 
and that it will vanish if the object ia removed. In' 
other words, there arises a belief in an external cause of 
the muskiness, which, in commoti language, is termed an 
odorous body. 

But the manner in which this belief is nsually put 
into words is strangely misleading. If we are dealing 
with a musk-plant, for example, we do not confine our- 
Belves to a simple statement of that which we beUeve, 
and say that the musk-plant is the cause of the eensation 
called muskiness ; but we Bay that the plant has a mnsky 
smell, and we speak of the odour as a quality, or prop- 
erty, inherent in the plant. And the inevitable reaction 
of words upon thought has in this case become so com- 
plete, and has penetrated so deeply, that when an ac- 
curate statement of the case — namely, that muskiness, 
inasmuch as the term denotes nothing bnt a sensation, is 
a mental state, and has no existeoce except as a mental 
phenomenon — is first brought under the notice of com- 
mon-senae folks, it ia usually regarded by them as what 
they are pleased to call a mere metaphysical paradox and 
a patent example of ueeless subtlety. Yet the slightest 
reflection must BuESee to convince any one poBseesed of 
sound reasoning faculties, that it is as absurd to suppose 
that muskiness is a quality inherent in one plant, as it 
would be to imagine that pain is a quality inherent in 
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another, becauBe we feel pain wlien a thorn prides the 
finger. 

Even the common-aense philosopher, par exoeUm^ 
Bays of smell : " It appears to be a Bimple and original 
affection or feeling of the mind, altogether inexplicable 
and unaccountable. It is indeed imposBible that it can 
be in any body : it is a eensation, and a Bensation can 
only be in a Bentient thing." * 

That which ie true of mnBldness is tme of every 
other odour. Lavender-smell, clove-smell, garlic-smell, 
are, like " muekineBs," names of states of conscionsneBs, 
and have no existence except as ench. But, in ordinary 
language, we Bpeak of all these odours as if they were 
independent entities residing in lavender, cloves, and 
garlic ; and it is not without a certain straggle that the 
false metaphysio of so-called common sense, thus in- 
grained in us, is expelled. 

For the present purpose, it is unnecessary to inquire 
into the origin of oiir belief in external bodieB, or into 
that of the notion of causation. Assuming the existence 
of an external world, there is no difficnlty in obtaining 
experimental proof that, as a general rule, olfactory sen- 

^ * " An Inquiry into tbe Ilumaii Mind on tbc Frinciplea of Common 
Seoa?," chitp. ii. § S. Reid affirms that " it ia genius, and not tbe want of 
it, that adulteratj^s philoaophj, »nd filU it with error and false theorx ; " 
and no doubt bis own lucubratione are free froro the smallest tdnt of the 
impurity to wbicb he objects, Bui, for want of sornGthicg more than that 
Bort of " common Sense," which Is Tcry comrooa tmd a tittle dull, the con- 
temner of gcDiua did not notice Ibat the admission here made knocks bo big 
a hole in the bottom of " cammon sense pbiloaophy," tbnt DotbJDg can save 
it from foundering in the dreaded abyea of Idealism. 
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eations are cansed by odoroos bodies ; and we may pass 
on to tlie next step of the inquiry — namely, bow tte 
odorous body produces the effect attribnted to it. 

The first point to be noted here is another fact re- 
vealed by experience ; that the appearance of the senEa- 
tion 18 governed, not only by the presence of the odorous 
substance, but by the condition of a certain part of oar 
corporeal structure, the nose. If the nostrils are closed, 
the presence of the odorous substance does not give rise 
to the sensation ; while, when they are open, the sensar 
tion is intensified by the approximation of the odorous 
eubataace to them, and by snuffing up the adjacent air in 
Bueh a manner as to drew it into the nose. On the other 
hand, looking at an odorous substance, or nibbing it on 
the skin, or holding it to the ear, does not awaken the 
sensation. Thus, it can be readily established by experi- 
ment that the perviousuess of the nasal passages is, in 
some way, essential to the sensory function ; in fact, that 
the organ of that function is lodged somewhere in the 
nasal passages. And, since odorous bodies give rise to 
their effects at considerable distances,, the suggestion is 
obvious that something must pass from them into the 
sense organ. What is this " something," which plays 
the part of an intermediary between the odorous body 
and the sensory organ ? 

The oldest speculation about the matter dates back 
to DemocrituB and the Epicurean School, and it is to be 
found fully stated in the fourtli book of Lucretius, It 
comes to this : that the surfaces of bodies are constantly 
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throvcing oS exccseively attennated fihns of their own 
eabstance : iuid that these filmg, reaching the mmd, ex- 
cite the appropriate sensations in it. 

Aristotle did not admit the exietence of any Bnch 
material films, bat conceiTed that it was the form of t!ie 
eabstance, and not its matter, which affected sense, as a 
aeal impresses wax, without loeing anything in the pro- 
cess. While many, if not the majority, of the School- 
men took up an intermediate position and supposed that 
R something, which was not exactly either material or 
immaterial, and which they called an " intentional spe- 
cies," effected the needful communication between the 
bodily cause of sensation and the mind. 

But all these notions, whatever may be said for or 
against them in general, are fundamentally defective, by 
reason of an oversight which was inevitable, in the state 
of knowledge at the time in which they were promul- 
gated. What the older philosophers did not know, and 
conld not know, before the anatomist and the physiolo- 
gist had done their work, is that, between the external 
object and that mind in which they supposed the sensa- 
tion to inhere, there lies a physical obstacle. The sense 
organ is not a mere passage by which the " tenuia simu- 
lacra rerum," or the "intentional species" cast off by 
objects, or the " forms " of sensible things, pass straight 
i» the mind ; on the contrary, it stands as a. firm and 
ipervious barrier, through which no material particle 
the world without can make its way to the world 
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' I^et us consider the olfactory sense organ more near- 
ly. Each of the nostrils leads into a passage completely 
separated from tlie other by a partition, and these two 
passages place the nostrils in free communication with 
the back of the throat, so that they freely transmit the 
air passing to the lungs when the month is shut, as in 
ordinary breathing. Tlie floor of each passage is flat, 
but its roof is a high arch, the crown of which is seated 
between the orbital cavities of the skull, which serve for 
the lodgment and protection of the eyes ; and it there- 
fore Ilea behind the apparent limits of that feature 
which, in ordinary language, is called the nose. From 
the side walla of the upper and back part of these arched 
chambers, certain delicate plates of bone project, and 
these, as well as a considerable part of the partition be- 
tween the two chambers, are covered by a fine, soft, 
moist membrane. It is to this " Schneiderian," or olfac- 
tory, membrane tliat odorous bodies must obtain direct 
access, if they are to give rise to their appropriate sensa- 
tions ; and it is upon the relatively large surface, which 
the olfactory membrane offers, that we must seek for 
the seat of the organ of the olfactory sense. The only 
essential part of that organ consists of a multitude of 
minute rod-like bodies, set perpendicularly to tlie surface 
of the membrane, and forming a part of the ecUular 
coat, or epitheHum, which covers the olfactory mem- 
brane, as the epidermis covers the akin. Jn the ease 
of the olfactory sense, there can be no doubt that the 
Bemocritic hypothesis, at any rate for such odorous sab- 
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oak, baa a good foundation. luGDitesimai 
pAitides of musk Qj off the enrface of the odoroaa bod^, 
and, becoming diffused tlirongh tlie air, are carried into 
the nasal passages, and thence into the olfactory cham- 
bers, where they come into contact with the fllamentouB 
extremitieg of the delicate olfactory epithelium. 

But thb is not all. The " mind " is not, so to speak, 
Qpon the other side of the epithelium. Oil the contrary, 
the inner ends of the olfactory cells are connected with 
nerve fibres, and these nerv-e fibres, passing into the 
cavity of the skull, at length end in a part of the brain, 
the olfactory sensorium. It is certain that the integrity 
of each, and the physical inter-connection of all ikeee 
three structures, the epithelium of the sensory organ, the 
nerve fibres, and the sensorium, are essential conditions 
of ordinary sensation. That is to say, the air in the 
.olfactory chambers may be charged with particles of 
lunsk ; but, if either the e])itheliatQ, or the nerve fibr^ 
or the sensorium is injured, or if they are physically 
disconnected from one another, sensation will not ftriEG. 
Moreover, the epithelium may be said to be reeeptive, 
the nerve fibres transmissive, and the sensorium senei- 
facient. For, in the act of smelling, the particles of the 
odopoua snbstance produce a molecular change (which 
Hartley was in all probability right in terming a vibra- 
tion) lu the epithelium, and this change being trans- 
litted to the nerve fibres, paaeos along them with a 
rable velocity, and, finally reaching tjjB gepsoriimi, 
"diately followed by the sensation. 
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ThiiB, modem investigation Bupplies a representative 
of the Epicurean simulacra in the volatile particles of the 
mnsk ; but it also gives us the Btamp of the particlefl on 
the olfactory epithelium, without any transmission of 
matter, as the equivalent of the Aristotelian " form ; " 
■while, finally, the modes of motion of the molecules of 
the olfactory cells, of the nerve, and of the cerebral 
sensorium, vsliich are Hartley's vibrations, may stand 
very well for a double of the "intentional species" of 
the Schoolmen. And this last remark is not intended 
merely to suggest a fanciful parallel ; for, if the cause of 
the sensation is, as analogy suggests, to be sought in the 
mode of motion of the object of sense, then it is quite 
possible that the particular mode of motion of the 
object is reproduced in the Bensorium ; exactly as the 
diaphragm of a telephone reproduces the mode of motion 
taken up at its receiving end. In other words, the 
secondary " intentional species " may be, as the School- 
men thought the primary one was, the last link between 
matter and miud. 

None the less, however, does it remain true that no 
similarity exists, nor indeed ia conceivable, between the 
cause of the sensation and the sensation. Attend as 
closely to the sensations of muskiness, or any other 
odour, as we will, no trace of extension, resistance, or 
motion is diaeernible in them. They have no attribute 
in common with those which we ascribe to matter ; they 
are, in the strictest sense of the words, immaterial entities. 

Thus, the most elementary study of sensation justi- 
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; AmL die imnuterul vorld is a 
For tbe eensatioa 
So long ae it per- 
mtbf it IE a {Hrt ^ mba± ve call oar rhinlring eeives, 
taA its ■■'■'*™— Bei bejood tbe poeeibOi^ of donbt 
Tte knovledge of an objeetiTe or materUl cause of the 
■iiaiiliiiii. OB die Q&tx band, » mediate ; it i£ a belief aa 
contyaditrinpoAed £roiB an intuition ; and it is a heUd 
which, in utj given instanee of eensalion, may, hj poes- 
bilitr, be devoid of foundation. For odours, like other 
■ensatioiiB, maj ariee from the oceorreace of the appro- 
priate molecular changes in the nerve or in tbe eeiifio- 
riom, by the operation of a caase distinct from the 
afiecdoQ of the Gense organ by an odorona body. Snch 
" Bnbjeetire ** sensations are as real existences as any 
others, and as difitlnctly suggest an external odorous ob- 
ject as their cause ; but tbe belief thus generated is a dela- 
gioQ. And, if beliefs are properly termed " testimonies 
of consciousness," then undoubtedly the testimony of 
consciousness may be, and often is, nntrustworthy. 
Aootlier very important consideration arises ont of 
I the facte as they are now known. That which, in the 
a absence of a knowledge of the physiology of sensation, 
[ ve call tbe cause of the sme]], and term the odorous 
Lobject, is only such, mediately, by reason of its emitting 
ftparticles whicli give rise to a mode of motion in the 
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the nerve fibre ; while thia last change is also only a 
raeiiiate cause of sensatioii, depending, as it does, njjon 
the change which it excites in the sensorinm. 

The sense organ, the nerve, and the senBorium, taten 
together, constitute the BensiferouB apparatus. They 
make np the thickness of the wall between the mind, 
as represented by the sensation "muskiness," and the 
object, as represented by the particle of mnsk in contact 
with the olfactory epithelium. 

It will be observed that the senBiferons wall and the 
external world are of the same nature ; whatever it is 
that constitutes them both is expressible in terms of 
matter and motion. Whatever changes take place in the 
sensiferous apparatus are continuous with, and similar to, 
those which take place in the external world.* Eut, 
* The following diagranunatic scheioe maj help (o elucidate the thcorj 
Usdiate Knowledge 




Immediate knonlcd^ is confined tn states of conaciousoese, or, [n other 
words, to the phenomeaa of mind. Knowledge of the phjaical world, or 
oi one's own bod; aod of objects external to It, is a Bjstem of belielB ot 
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with the BenBorium, matter and motion come to an end; 
vliile phenomena of another order, or immaterial states 
of consciouBncBS, maie their appearance. How Ib the 
relation between the material and the immaterial phe- 
lometta to be conceived ? This is the metaphysical prob- 
m of problems, and the solotions which have been 
flnggested have been made the comer-Btones of systemfl 
of philosophy. Three mntually irreconcilable readings 
of the riddle have been offered. 

The first is, that an immaterial enhstance of mind 
exists ; and that it is affected by the mode of motion 
of the seneorinm in such a way as to give nse to the 
sensation. 

The second ia, that the sensation is a direct effect of 
the mode of motion of the senBoriom, bronght abont 
without the intervention of any snbstance of mind. 

The tfiird is, that the sensation is neither directly 
nor indirectly an effect of the mode of motion of the 
aenBorium, but that it has an independent cause. Prop- 
erly speaking, therefore, it is not an efiect of the motion 
of the sensorium, but a concomitant of it. 

As none of these hypotheses is capable of even an 
approximation to demonstration, it is almost needless to 
remark that they have been severally held with tenacity 
and advocated with passion, t do not think it can be 



jadgmenta buad on iba BonsationB. The term " self " is Applied not onlj 
le BorioB of mental phenomena which constitute the ego, but to the 
fragment of tlio phynical world which is (hirir conntant concomitant. Tbe 
corporeal suK, therefore, is part of the non-ego ; and \a objective in rein- 
Hon b) the ego u subject. 
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said of any of the tLree that it is inconceivable, or that 
it caa be assumed on d priori gronnds to be impOBsi- 
ble. 

Consider the first, for example ; an immaterial anb- 
Btance is perfectly conceivable. In fact, it is obvions' 
that, if we possessed no sensations bnt those of smell 
and hearing, we should lie unable to conceive a material 
substance. "We might have a conception of time, but 
could have none of extension, or of resistance or of mo- 
tion. And without the three latter conceptions no idea 
of matter could be formed. Our whole knowledge would 
be limited to that of a shifting succession of immaterial 
phenomena. But, if an immaterial substance may exist, 
it may have any coneeivablo properties ; and sensation 
may be one of them. All these propoeitions may be 
affirmed with complete dialectic safety, inasmuch as they 
cannot possibly be disproved ; but neither can a particle 
of demonstrative evidence be offered in favour of the 
existence of an immaterial substance. 

As regards the second hypothesis, it certainly is not 
inconceivable, and therefore it may be true, that sensa- 
tion is the direct effect of certain kinds of bodily motion. 
It is just as easy to suppose this as to suppose, on the 
former hypothesis, that bodily motion affects an imma- 
terial substance. But neither is it susceptible of proof. 

And, as to the third hypothesis, eineo the logic of 
induction is in no case competent to prove that events 
apparently standing in the relation of cause and effect 
may not both be effects of a common cause— that also is 
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safe from refutation, if as incapable of demonetration, 
the other two. 

In my own opinion, neither of these speculations can 
regarded sorionsly as anything but a more or lees 
irenient working hypothesis. Bnt, if I miist choose 
long tbein, I take the '■ law of parcimony " for my 
guide, and select the simplest — namely, that the sensa- 
tion is the direct eSect of the mode of motion of the 
BenBorium, It may justly be said that this is not the 
ighteet explanation of sensation ; but then am I really 
ly the wiser, if I say that a sensation is an activity 
(of which I know nothing) of a substance of mind (of 
which also I know nothing) 1 Or, if I say that the Deity 
causes the sensation to arise in my mind immediately 
iter He has caused the particles of the sensorium to 
lOve in a certain way, is anything gained I In truth, a 
sensation, as we have already seen, is an intuition — a 
part of immediate knowledge. As such, it is an ulti- 
mate fact and inespHeable ; and all that we can hope to 
find out about it, and that indeed is worth finding out, 
is its relation to other natural facts. That relation ap- 
pears to me to be suiBeiently expressed, for all practical 
purposes, by saying that sensation is the invariable con- 
sequent of certain changes in the sensorium — or, in other 
words, that, so far as we know, the change in the scn- 
Borinm is the canse of the sensation. 

I permit myself to imagine that the untutored, if 
noble, savage of " common sense " who has been misled 
into reading thus far by the hope of getting poritiw I 
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Bolid inforraation about Bensation, giving way to not un- 
natural irritation, may here interpellate: "The upshot 
of all this long disquisition is that we are profoundly 
ignorant. We knew that to begin with, and you have 
merely furnished another example of the emptinesa and 
nselessnesa of metaphyeics," But I venture to reply, 
Pardon me, you were ignorant, but you did not know it. 
On the contrary, you thought you knew a great deal, 
and were quite satisfied with the particularly absurd 
metaphysical notiona which you were pleased to call 
the teachings of common Bense. Ton thought that your 
eensations were properties of external things, and had 
an existence outside of yourself. Tou thought that you 
knew more about material than yon do about immaterial 
existences. And if, as a wise man has assured us, the 
knowledge of what we don't know is the next beet thing 
to the knowledge of what we do know, this brief ex- 
cursion into the province of philosophy has been highly 
profitable. 

Of all the dangerous mental habits, that which 
schoolboys call " cocksureness " is probably the most 
perilons ; and the inestimable value of metaphysical dis- 
cipline is that it furnishes an effectual counterpoise to 
this evil proclivity. Whoso has mastered the elements 
of philosophy knows that the attribute of unquestionable 
certainty appertains only to the existence of a state of 
consciousness so long as it exists ; all other beliefs are 
mere probabihties of a higher or lower order. Sound 
metaphysic is an amnlet which renders its possessor proof 
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alike against the poison of enperetitioD and the comiter- 
poieon of nihilism ; hy showiog that the affinnationB of 
the former and the denials of the latter ali^ deal with 
mattere aboot which, for lack of evidence, nothing can 
Ljbe either affirmed or denied. 



I have dwelt at length upon the nature and origin 
of oar sensations of smell, on account of the compara- 
tive freedom of the olfactory sense from the complica- 
tions which are met with in most of the other senses. 
Sensations of taste, however, are generated in almost 
as simple a fashion as those of smell. In this case, the 
sense organ is the epithelinm which covers the tongne 
and the palate : and which sometimes, becoming modi- 
fied, gives rise to pecnliar organs termed "gustatory 
bulbs," in which the epithelial cells elongate and as- 
Enme a somewhat rod-like form. Nerve fibres connect 
the sensory organ with the sensoritmi, and tastes or fla- 
vours arc states of consciousness caused by the change 
of molecular state of the latter. In the ease of the sense 
of touch there is often no sense organ distinct from the 
general epidermis. But many fishes and amphibia ex- 
Ibit local modifications of the epidermic cells which are 
raotimes extraordinarily like the gustatory bulbs ; more 
commonly, both in lower and higher animals, the e£Eect 
of the contact of external bodies is intensified by the 
development of hair-like filaments, or of true hairSj the 
of which are in immediate relation with the ends 
' sensory nerves. Every one must have noticed the 
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extreme delicacy of the sensations produced by the con- 
tact of bodies with the ends of the hairs of the head ; 
and the " wbiekers " of cats owe their functional impor- 
tance to the abundant supply of nervea to the follicles 
in which their bases are lodged. "What part, if any, the 
Bo-called "tactile corpueclcB," "end bulbs," and "Pacini- 
an bodies," play in the meclianisra of touch is unknown. 
If they are sense organs, they are exceptional in charac- 
ter, in 80 far as they do not appear to be modifications 
of the epidermis. Nothing is known respecting the or- 
gans of those sensations of resistance which are grouped 
under the head of the muscular sense ; nor of the sen- 
sations of warmth and cold ; nor of that very singular 
sensation which we call tickling. 

In the case of heat and cold, the organism not only 
becomes affected by external bodies, far more remote 
than those which afiect the sense of smell ; but the 
Democritic hypothesis is obviously no longer permissi- 
ble. When the direct rays of the sun fall upon the 
skin, the sensation of heat is certainly not caused by 
"attenuated films" thrown off from that luminary, but 
is duo to a mode of motion which is transmitted to us. 
In Aristotelian phrase, it is the form without the mat- 
ter of the sun which stamps the sense organ ; and this, 
translated into modern language, means nearly the same 
thing as Hartley's vibrations. Thus we are prepared for 
what happens in the ease of the auditory and the visual 
senses. For neither the ear, nor the eye, receives any- 
thing but the impulses or vibrations originated by sonor- 
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i or Imninoos bodies. Nevertheless, tlie receptive ap- 
ratus still consists of nothing but specially modified 
epithelial cells. In the labyrinth of the ear of the 
higher animals, the free ends of these cells terminate 
in excessively dcUcate hair-like filament* ; while, in the 
lower forms of auditory organ, its free surface is beeet 
with delicate hairs like those of the surface of the body, 
and the transmissive nerves are eonnectfid with the bases 
of these hairs. Thus there is an ineeugiblo gradation in 
the forms of the receptive apparatus, from the organ of 
touch, on the one hand, to those of taste and smell ; and, 
on the other hand, to that of hearing. Sven in the case 
of the most refined of all the Benee organs, that of vision, 
the receptive apparatus departs but little from the gen- 
eral type. The only essential constituent of the visnal 
sense organ is the retina, which forms so small a part 
of the eyes of the higher animals ; and the simplest eyes 
are nothing but portions of the integument, in which 
the cells of the epidermis have become converted into 
glas^j rod-like retinal corpuscles. The outer ends of 
these are turned towards the light ; their sides are more 
or leas extensively coated with a dark pigment, and their 
inner ends are connected with the transmissive nerve 
fibres. The light, impinging on these visual rods, pro- 
duces a change in them which is communicated to the 
nerve fibres, and, being transmitted to the sensorium, 
gives rise to the sensation— if indeed all animals which 
) eyes are endowed with what we understand as 
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In the higher animals, a complicated apparatus of 
lenses, arranged on the principle of a camera obscnra, 
serves at once to concentrate and to individualise the 
pencils of light proceeding from external bodies. But 
the essential part of the organ of vision ia still a layer 
of eelle, which have the form of rods with truncated or 
conical ends. By what seeniB a strange anomaly, how- 
ever, the glassy ends of these are turned not towards, 
hut away from, the light ; and the latter has to traverse 
the layer of nervous tissues with -which their outer ends 
are connected, before it can affect them. Moreover, the 
rods and cones of the vertebrate retina are so deeply 
seated, and in many respects so peculiar in character, 
that it appears iujpossible, at first sight, that they can 
have anything to do with that epidermis of which gus- 
tatory and tactile, and at any rate the lower forms of 
auditory and visual, organs are obvious modifications. 

Whatever be the apparent diversities among the sen- 
siferouB apparatuses, however, they share certain com- 
mon characters. Each couflists of a receptive, a trans- 
missive, and a sensificatory portion. The essential part 
of the first is an epithelium, of the second, nerve fibres, 
of the third, a part of the brain ; the sensation is always 
the consequence of the mode of motion excited in the 
receptive, and sent along the transmissive, to the sen- 
sificatory part of the sensiferous apparatus. And, in all 
the senses, there is no likeness whatever between the 
object of sense, which is matter in motion, and the sen- 
sation, which is au immateri^ phenomenon. 
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orbits in adult human beings. Bot, if we trace back 

the nasal chambers to their origin in the embryo, we 
find, that, to begin with, they are mere depreesiona of 
the akin of the fore part of the head, lined by a con- 
tinuation of the general epidermis. These depressions 
become pits, and the pits, by the growth of the adjacent 
parte, gradually acquire the position which they finally 
occupy. The olfactory organ, therefore, ie a specially 
modified part of the general integument. 

The human car would seem to present greater dif- 
fieclties. For the esfiential part of the sense organ, in 
tljis case, is the membranous labyrinth, a bag of com- 
plicated form, which lies buried in the depths of the 
floor of the skull, and is surrounded by dense and soUd 
bone. Here, however, recourse to the study of devel- 
opment readily unravels the mystery. Shortly after the 
time when the olfactory organ appears, as a depression 
of the skin on the side of the fore part of the head, 
the auditory organ appears as a similar depression on 
the side of its back part. The depression, rapidly deep- 
ening, becomes a small pouch; and then, the commu- 
nication with the exterior becoming shut off, the pouch 
is converted into a closed bag, the epithelial lining of 
which is a part of the general epidermis segregated from 
the rest. The adjacent tissues, changing first into car- 
tilage and then into bone, enclose the auditory sac in a 
strong case, in which it undergoes its further metamor- 
phoses ; while the drum, the ear bones, and the exter- 
nal ear, are superadded by no less extraordinary modi- 
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fioations of the adjacent parts. Still more marvellotis 
is the history of the development of the organ of vision. 
In the place of the eye, as in that of the nose and that 
of the ear, the young embryo presents a depression of 
the general integument; bat, in man and the higher 
animals, this does not give rise to the proper ecnsoiy 
organ, but only to part of the acceesory stnictnrea con- 
cerned in vision. In fact, this depression, deepeniog 
and becoming converted into a shut sac, prodaces only 
the cornea, the agueouB humour, and the crystalline lena 
of the perfect eye, 

The retina is added to this by the outgrowth of the 
wall of a portion of the brain into a sort of bag, or sac, 
with a narrow neek, the convex bottom of which ia 
turned outwards, or towards the crystalline lens. Aa 
the development of the eye proceeds, the convex bot- 
tom of the bag becomes poshed in, so that it gradually 
obliterates the cavity of the sae, the previously convex 
wall of which becomes deeply concave. The sac of 
the brain is now like a double nightcap ready for the 
head, but the place which the head would occupy is 
taken by the vitreous humoar, while the layer of night- 
cap nest it becomes the retina. The cells of this layer 
which lie farthest from the vitreous humour, or, in other 
words, bound the original cavity of the sac, are meta- 
morphosed into the rods and cones. Suppose now that 
the aac of the brain could be brought back to its origi- 
ul form; then the rods and cones would form part of 
I lining of a side pouch of the brain. Bat one of 
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the most wonderful revelationB of embryology is the 
proof of the fact that the brain itself is, at its first 
begirming, merely an infolding of the epidermic layer 
of the general integument. Hence it follows that the 
rods and cones of the vertebrate eye are modified epi- 
dermic cells, as much as the crystalline cones of the 
insect or crustacean eye are ; and that the inversion of 
the position of the former in relation to Hght arises sim- 
ply from the roundabout way in which the vertebrate 
retina is developed. 

Thus all the higher sense organs start from one 
foundation, and the receptive epithelium of the eye, or 
of tho ear, is as much modified epidermis as is tliat of 
the ntffie. The stroctaral unity of the sense organs is 
tlie morphological parallel to their identity of physio- 
logical function, which, as we have seen, is to be im- 
pressed by certain modes of motion ; and they are fine 
or coarse, in proportion to the delicacy or the strength 
^^rf the irapnlses by which they are to be affected. 

^^Bln ultimate analysis, then, it appears that a sensa- 
^^Kin is the equivalent in terms of consciouenesa for a 
mode of motion of the matter of the sensorium. But, 
if inquiry is pushed a stage farther, and the question 
is asked. What then do we know about matter and 
motion? there is but one reply possible. All that we 
know about motion is that it is a name for certain 
changes in the relations of our visual, tactile, and mns- 
onlar sensations; and all that we know about matter; 
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is that it is the hjpothetical substance of physical phe- 
Domena — the aeanmption of the existence of which ib 
as pore a piece of metaphysical speculation as is that 
of the existence of the subetance of mind. 

Onr sensations, our pleasnrea, onr pains, and the re- 
'lations of these, make np the sum total of the elements 
of positive, on quest ion able knowledge. We call a large 
section of these sensations and their relations matter and 
tnotion; the rest we term mind and thinking; and expe- 
rience shows that there is a certain constant order of sno- 
ceasion between some of the former and some of the latter. 

This is all that jnst metaphysical critioisni leaves 
of the idols set np by the spurious metaphysics of 
vnlgar common sense. It is consistent either with pnre 
Materialism, or with pnre Idealism, bnt it is neither. 
■Tor the Idealist, not content with declaring the truth 
that our knowledge is limited to facts of consciousnees, 
affirms the wholly unprovable proposition that nothing 
exists beyond these and the substance of mind. And, 
fon the other hand, the Materialist, holding by the truth 
-that, for anything that appears to the contrary, material 
phenomena are the causes of mental phenomena, averts 
his unprovable dogma, that material phenomena and the 
substance of matter are the sole primary existences. 

Strike out the propositions abont which neither con- 
iversiahst does or can know anything, and there is 
nothing left for them to quarrel about. Make a desert 
of the Unknowable, and the divine Astrfea of philo- 
sophic peace will commence her blessed reign. 




Ik the former half of the eighteenth centnry, 
term "evolution" was introduced into biological writ- 
ings, in order to denote the mode in which some of 
the most eminent physiologists of that time conceived 
that the generation of living things took place ; in op- 
position to the hypothesis advocated, in the preceding 
century, by Harvey in that remarkable work * which 
would give Lim a claim to rank among the founders 
of biological Beience, even had he not been the discov- 
erer of the circulation of the blood. 

One of Harvey's prime objects ia to defend and 
establish, on the basis of direct observation, the opinion 
already held by Aristotle ; that, in the higher animala 
at any rate, the formation of the new organism by the 
process of generation takes place, not suddenly, by 
simultaneous accretion of rudiments of all, or of the 
most important, of the organs of the adult ; nor by 
sudden metamorphosis of a formative substanee into a 
miniature of the whole, which subsequently grows ; but 

* The " Eiercitationos de Ocnorationc Animikliuii]," Thich Dr. Geoi^ 
Sot extracted from bim and published in 1661. 
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differentiation of a relsr 
tivelj homogeneous mdimeut into the parts and Btrnct- 
Tiree which are characteristic of the adalt. 

" Et prim6, qnidem, qnoniam per epigenctin sive portiam super- 

IAZorientiuia additamentum pallom fabrioari certnm est; qaffioam 
pare ante alias omnes exatroatur, et qoid de ilia ejiisqae geoerimdi 
^odo oliservandum veoiat, dlapioienms. Batum eane est et in oto 
nani/esU apparut qnod Arietotele* de perfectorDm animaliam gene- 
ratioQO enuDtiat: aimiruiD, non omoes partes simul fieri, eed ordioa 
aliam post aliam; primtimqae cxiatere particulam genitalem, cdJbb 
TirtQte poatea (tanquam es prinoipio qnodam) reliqaie onines partes 
prodliant. Qaalem in plantarnm seininibiia (fabis, pntA, ant glas- 
dibua) gommam sive apicem protQberantem cernimns, tottns fatortB 
arboris principiam. Ettqtis luto particvla velutjiliu* tmonripatui 
ieoTtamqut ecllocatiu, et priiunpium per m viteiu; vnde pM(M 
mtmivOTum orio dueribiCur; et quaxungue ad altohendum animal 
pertitient, dUponuntw* Qnoniani enim nulla pam u ipiam gene- 
^^^ rat; »ed pottqvam gmerata e»(, is ipmmjam aiiget ; idea eamprU 
^^Kffwltn oriri necewe e»t, qva prineipiiim augendi eontineat («»« «ntm 
^^^^^lanta, live animal at, ague omnibue inett quod tijii hahtat vege- 
^^V tandi, lite niitrieTtdi),f eiinulque reliqnas omnea partes soo qnamqne 
ordine diatinf^nat et formet; proindeqne ia eadem priroogeaita par- 
ticnla aoima primario ioest, sensaa, motusqne, et totioB nUe anotor 
et prinoipium." (Eiercitatio 610 

Harvey proceeds to contraet this view with that of 
the " Medici," or followers of Hippocrates and Gblen, 
who, " badly philosophising," imagined that the brain, 
the heart, and the liver were simultaneonsly first gene- 
rated in the form of vesicles ; and, at the Bame time, 
while expressing his agreement with Aristotle in the 
principle of epigenesis, he maintains that it is the blood 
which is the primal generative part, and not, as AristoU* 
Kihonght, the heart. 

* " Do GeDeratione AniniBliam," lib, ii. cap. i. 
f " Da GcneraUoae," lib. iL cap. It. 
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fr-Li the latter part of the seventeentli century, the 
doctrine of epigeneeis, Urns advocated by Harvey, was 

controverted, on the ground of direct observation, by 
JIalpighi, who affirmed that the body of the chick is 
to be seen in the egg, before the pundum sanguineum' 
makes its appearance. But, from this perfectly correct 
observation a conclusion which is by no means war- 
ranted waa drawn ; namely, that the chick, as a whole, 
really exists in the egg antecedently to incubation ; and 
that what happens in the course of the latter proceBS 
is no addition of new parts, " alias post alias nataa," 
as Harvey puts it, but a simple expansion, or unfold- 
ing, of the organs which already exist, though they 
are too small and inconspicuous to be discovered. The 
weight of Malpighi's observations therefore fell into 
the scale of that doctrine which Harvey terms meia- 
morphosia, in contradistinction to epigenesis. 

The views of Malpighi were warmly welcomed, on 
philosophical grounds, by Leibnitz,* who found in them 
a support to his hypothesis of monads, and by Male- 

* " Cependsnt, pour rerenic am formea ordinaircfl on aui ftm« malfc 
riellea, cette durfe qu'il leur faut attribuer i la place de celle qu'OD avmt 
atlribni^e aiu atomca pourroil faire doater ei ellea De voDt pas de corps en 
corps; ce qoi Bertrit la mStempgy chose, A peu piSs comme quelqueg philo- 
BOpbes ODt cm ia IransmisBlon du mouTement et ci?lle des esp^cel. Htis 
CKlte imaginatioD est bien £loiga6e dc la oatura des cIiobcb. II n'j a point 
de tel passage ; et c'est id oil lea tranaformaUoas de Messieurs Svammer- 
daiD, Ualpighi, et Leeuwenboek, qui %oai des plus eiccUens obserrateurs de 
notre tems, soot venues i mon sccours, ct m'ont fait admettre plus use- 
mcnt, que I'animal, et toute autre substance organist no commence point 
larsque nous le crojons, et que sa generation apparcnte a'eit qu'une d6- 
Teloppemeot et uue espice d'augmentation. Auui ti je remarqui qne Tan- 
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^Bltfanche ; * while, io the middle of the eighteenth ceo- 
tuiy, not only epecnlative conBideratione, bnt a great 

ntimber of now and interesting observations on the plie- 
nomona of generation, led the ingeniotiB Bonnet, and 
Haller, f the first phyaiologist of the age, to adopt, ad- 
vocate, and extend them. 

Bonnet afiBrms that, before fecundation, the heD's 
egg contains an excessively minute but complete chick ; 
and that fecundation and incubation simply caase this 

I germ to absorb nutritious matters, which are deposited 
in the interstices of the elementary structures of which 
ifiie miniature chick, or germ, is made up. The eonse- 
■^nence of this intussusceptive growth is the " develop- 
ment " or " evolution " of the germ into the visible bird. 
Thus an organised individual {tottt organise) " is a com- 
posite body consisting of the original, or elementary, 
parts and of the matters which have been associated 

tenr de la 'Reclierobe de la Ycrit^,' M. TUgiB, U. HartBoeker, et d'ftntres 
babites hotomoB n'oot pus M fort filoignfia de ce BentimenL" Ijeibniu, 
"BjBtSmenoUTeau dc la Nature," 16BB. The doctrine of "Emboltemcnt" 
te contained in the " Cosaid^rallona sur le prindpe de vie," 1T0S; the 
preface to the "Tbeodic^e," ITlOj and the " Frincipea de la Nature ct de 
U Grace "(g 6), 1718. 

• " 11 est vrai tjue U penafie la plua raiaonnalile et la plus conforme i 
I'experiencc sur cette question tr^B difficile dc la farmfttton Aa fcetuB; c'eet 
que lea eufana aont dSja preaque tout fonnSa BT&ut mSme Taction par lo- 
quelle IIb aont confus ; ct que leurs mSrcs ne font que Icur doniier I'accrois- 
Hemont ordinaire dans le leiopa de la groaBoaac." " De la Recherche de la 
Veritfi," lisro ii. chap. vil. p. 834, 7lb ed., 1721. 

t The writer is indebted to Dr. AUeu Thomson for reference to the evi- 
dence GontaiDcd in a note to Haller'e edition of Boerhaave's " Praelectiones 
AcademiciE," yol. v. pt. il. p. 4fl7, published in 17*4, that Haller orlgiiull; 
advocated epigencBia. . 
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with them by the aid o£ nutrition ; " so that, if these 
matters could be extracted from the individual {tout), it 
would, BO to speak, become concentrated in a point, and 
would thus be restored to its primitive condition of a 
germ; "just as by extracting from a bone the calcare- 
ous eabstance which is the source of its hardness, it is 
reduced to its primitive state of gristle or membrane." * 

"Evolution" and " developmeut " are, for Bonnet, 
Bynonymous terms ; and since by " evolution " he means 
Bimply the expansion of that which was invisible into 
visibility, he was naturally led to the conclusion, at 
which Leibnitz had arrived by a different line of reason- 
ing, that no such thing as generation, in the proper sense 
of the word, exists in nature. The growth of an organic 
being is simply a process of enlargement, as a particle 
of dry gelatine may be swelled up by the intussusception 
of water ; its death is a shrinkage, such as the swelled 
jelly might undergo on desiccation. Nothing really new 
is produced in the living world, but the germs which de- 
velop have existed since the beginning of things ; and 
nothing really dies, but, when what we call death takes 
place, the living tiling shrinks back into its germ statcf 

* " ConBidirationB 8nr lea Corps organLsfiE," chap. i. 

t Bonnet hod the courage of hia opinions, and in the "FB.liDf;en£sie 
Philoaophique," part vi. chap, it., he develops a hypotheaii which he torms 
" irolution naturelle ; " and which, makiog allonance for his peculiar riewa 
of the nature of generation, bears no smail resemblance to what ia undcc- 
Btood by " eyolation" M the present day; — 

" Si la ToIontS divine a rxi& par un eeul Acta I'dnivcrsBlitS dae Strea, 
d'oi) vcaoient cea pkntes et ces animaui dont Uoj'se nous decrit la Produc. 
tion au troiaieme et au ciuquieme jam du renouTcllement de notre monde ? 

"Abuaeroia-je de la labertfi do conjecturea ai jc disaJB, que les Pl«nte» 
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The two parts of Bonnet's hypotbesia, namely, tb 
doctrine that all living tilings proceed from pre-eriet- 
ing germs, and that these contain, one inclosed witliiii 
the other, the germs of all future living things, which 
IB the hypothesis of " emhoitejnent ;" and the doctrine 
that every germ contains in miniature all the organs of 
the adult, which is the hypothesis of evolution or devel- 
opment, in the primary senses of these words, mnst be 
carefully distinguished. In fact, while holding firmly by 
the former, Bonnet more or less modified the latter 
in his later writings, and, at lengtli, he admits that a 
"germ " need not be an actual miniature of the organ- 
ism ; but that it may be merely an " original preforma- 
tion " capable of producing the latter. * 

But, thus defined, the germ is neither more nor less 
than the "particula genitalis" of Aristotle, or the 
*'primordium vegetale" or "ovum" of Harvey; and 

Ct lea Anlmaui: qui eiiatent aujourd'hui aont parveang par nne Borte d'ero- 
lution naturelle des Etrea orf^anis^s qui pcuplaieut ce premier Uoade, sortJ 
imm^diatemGiit des Miraa du Cbeateub ? . . . 

"Neaupposons que troia rSrolutioDB. La Terre yicdC de Bortir des 
Uaius du Createcr. Qes causes prcpo.r£ea pur sa. Siqesse font dfivelop- 
per de (outCB pnrtB les Gernies. Les Elres organia^a commeatxnl k jauir 
de I'eiisteace. lis ftoicat probablemcnt alors blco dlfffrens de ce qu'ila 
Boot aujourd'bui. Hi I'etoieat autant que ce premier Uonde difffroit de 
celui que nous habitous, ^'oua maQquons de moyena pour juger de eel 
dissemblances, et peut-fitre que le plua habile Natnraliate qui auroit it& 
plac^ dans ce premier Mande y auroiC cntifircment mScounu noB PlaaCeB el 

*"Ce mot (germe) nc dfsignera pas Beulemeut un corps organisi 
riduU ea p^il ; it d^signera eocore toutc especc de priformalioit oriffituile 
doiU mi ibvt vrganique peat rlmlier comme dt mm prineipe immiduU," — 
" Fsling^D^sie PbiloBophique," part i. chap. iL 
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the " evolution " of snch a germ would not be distin- 
guiehaLle from " epigenesis," 

Supported by the great authority of HaJler, the doc- 
trine of evolution, or development, prevailed through- 
out the whole of the eighteenth century, and Cuvier' 
appears to have sobstantiaDy adopted Bonnet's later 
views, though probably he "would not have gone all 
lengths in the direction of '' emboitement." In a well- 
known note to Laurillards' " filoge," prefixed to the last 
edition of tlie " Ossemens foBsiles," the " radical de 
I'Stre " is much the same thing as Aristotle's " particnla 
genitalis " and Harvey's " ovum." * 

Bonnet's eminent contemporary, Buffon, held nearly 
the same views with respect to the nature of the germ, 
and espreesea them even more confidently. 

" Cens qui cnt crn qne le oceur ^tolt lo premier formS, se sont 
tromp^s ; ceai qui discnt que c'est le sang ee trompcnt aaaai : tout 
est forni^ en mSme temps. Si I'on ue consalte que I'obserTation, 
le ponlet se voit duus rmuf avant qui'il ait 6t6 couri." t 

" J'ai onvert nne grando quantity d'ceufs & differens tempB avsot 
et aprSs I'incnbatioo, et je me aais coDvainon par mea yenx qne le 
poalet existe en entier dans le milisn de la cicatricule au moment 
qii'il sort dn corpg de la poule." J 

♦ " M. Cuvier conBid^rant quo tons lea fitres organiBfis Mat dfirivfis da 
parens, et nc Tojant dans la nature aucune force capable de produirc I'nr- 
gaoisation, crojait i la prf-enstence de« gennes ; noD pas i la prS-eilat' 
enoe d'an fltre tout fonnfi, puisqu'il est bien trident que co n'eat que par 
des ddvcloppcuons eucceaslfs quo I'fetre aoqulert bb forme ; mids, d I'on 
peut B'eiprimer aiuBl. & la pr4-eii6lence du rmUeal de Filre, radical qui 
eiiste avant quo la s6rie &ei JTolutiouB no commence, et qui rcmonte cer- 
taincmont, suivant la belle obgervation dc Bonuct, It plusicurs generations." 
— LanriUard, " filoge dc Cuvier," note 13. 

t "HiBloire Naturellc," torn. ii. od. ii. I7B0,p. 360. 

X Ibid. p. SSI. 
18 
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EVOLUTION IN BIOLOGY. 

I. The Evolution of the Individual. 
No exception is, at this time, koown to the general 
law, established upon an immeuse moltitnde of direct 
observatione, that every living thing is evolved from a 
particle of matter in which no trace of the distinctivo 
characters of the adnlt form of that living thing is difl- 
cemible. This particle is termed a gffrm. Harvey* 



"Omnibus viventibua primordima insit, es qno et a quo pro- 
veniant. Liceat boc nobis primordium tegetale nomioare; nempe 
Bobstautiam quandam corporeaia vitain babentcm potentii; t«1 
qnoddom per ee eiisWna, qnod aptom ait, in vegetativ&m formatn, 
ab interno priacipio operaote, mutari. Quale nempe priinordiam, 
ovum eet et plantarnm semeo ; tale etioin viTiparomm oonoeptna, 
et iusectomtn cermi* ab Aristotele dictua: diversa scilicet diver- 
•omia viventiom primordia." 

The definition of a germ as " matter potentially alive, 
and liaving within itself the tendencj' to assnme a defi- 
nite living form," appears to meet all the requirements of 
modem science. For, notwithstanding it might be just- 
ly qnestioned whether a germ is not merely potentially, 
but rather aetnaUy, alive, though its vital manifestations 
are reduced to a minimnm, the terra "potential" may 
fairly be used in a sense broad enough to escape the 
objection. And the qualification of " potential " has the 
advantage of reminding ua that the great chaeteristic of 
the germ is not so much what it is, but what it may, 
under suitable conditions, become. Harvey shared the 
Ex. 62, ■■Oruni eue prlmordium 
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belief of Aristotle — whose -writings he so often qnotee, 
and of whom he epeaka as his precnrsor and model, 
with the generous respect with which one genuine work- 
er should regard another — that snch germs may arise by 
a process of " equivocal generation " out of not-living 
matter ; and the aphorism so commonly ascribed to him, 
" omne vivum ex ovo" and which is indeed a fair sum- 
mary of his reiterated assertions, though incessantly em- 
ployed against the modem advocates of spontaneous 
generation, can be honestly bo need only by those who 
have never read a score of pages of the " Exercitationes." 
Harvey, in fact, believed aa implicitly as Aristotle did 
in the equivocal generation of the lower animals. But, 
while the course of modem investigation has only brought 
out into greater prominence the accuracy of Harvey's 
conception of the nature and mode of development of 
germs, it has as distinctly tended to disprove the occur- 
rence of equivocal generation, or abiogenesis, in the pres- 
ent course of nature. In the immense majority of both 
plants and animals, it is certain that the germ is not 
merely a body in which life ia dormant or potential, but 
that it J3 itself simply a detached portion of the sub- 
stance of a pre-existing living body ; and the evidence 
has yet to be adduced which will satisfy any cautions 
reafioner that "omne vivnm ex vivo" is not as weU- 
eBtablished a law of the existing course of nature as 
"omne vivum ex ovo." 

In all instances which have yet been investigated, 
the substance of this germ has a peculiar chemical com- 
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^■jlKMitioii, coQsistimg of at fewest four elementary bodiea, 
viz. carbon, hydrogen, oxygen, and nitrogen, united into 
the ill-defined compound known as protein, and aesoci- 
flted with much water, and very generally, if not always, 
iFitli Bulphur and phosphorus in minute proportions, 
lloreover, np to the present time, protein is known only 
B a product and couBtituent of living matter. Again, a 
■no germ is either devoid of any structure discernible by 
(ptical means, or, at moat, it is a simple nucleated cell* 

In all cases, the process of evolution consists in a 
mccesBion of changes of the form, structure, and func- 
ions of the germ, by which it passes, step by step, from 
I extreme simplicity, or relative homogeneity, of visi- 
ble structure, to a greater or leas degree of complexity 
! heterogeneity ; and the course of progressive difEer- 
mtiation is usually accompanied by growth, which ia 
ffectetl by intussusception. This intussusception, how- 
1 very diilerent process from that imagined either 
%y Bufiou, or by Bonnet. The snbstance by the addition 
of which the germ is enlarged is, in no case, simply ab- 
sorbed ready-made from the not-living world and packed 
. between the elementary constituents of the germ, as 
Bonnet imagined ; still less does it consist of the " mo- 
Bculcs organiqnes " of Buffon. The new material ia, in 
iat measure, not only absorbed but assimilated, so that 
it becomes part and parcel of the molecular structure of 



le cues of bcxIcbb multi plica tion the gorm Ib a cell -aggr^Ble — 
e call germ oat; that which ii alreadj detached from the pftrent or- 
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the living body into which it enters. And, so far from 
the fully developed organism being simply the germ 
^pbus the nutriment which it has absorbed, it is probable 
that the adult contains neither in form, nor in substance, 
more than an inappreciable fraction of the constituents 
of the gerra, and that it is almost, if not whoUy, made 
up of assimilated and metamorphosed nutriment. In 
the great majority of cases, at any rate, the full-grown 
organism becomes what it is by the absorption of not- 
living matter, and its conversiou into Uving matter of 
a specific type. As Harvey says (Ex. 45), all parts of 
the body are nounshed " ab eodem bucco alibili, aHter 
aliterque cambiato," " ut plantte omnes es eodem com- 
muni nutrimento (sive roro sen terra humore)." 

In all animals and plants, above the lowest, the germ 
is a nucleated cell, using that term in ite broadest sense ; 
and the first step in the process of the evolution of tlie 
individual is the division of this cell into two or more 
portions. The process of division is repeated, until the 
organism, from being nnicellalar, becomes multicellular. 
The single cell becomes a cell-aggregate ; and it is to the 
growth and metamorphosifl of the cells of the cell-aggre- 
gate thus produced, that all the organs and tissues of the 
adult owe their origin. 

In certain animals belonging to every one of the 
chief groups into which the Metasoa are divisible, the 
cells of the cell-aggregate which results from the process 
of yelk-division, and which is termed a Tnorula, diverge 
from one another in such a manner as to give rise to a 
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ceDtral epace, aroand which they dispose 1 
coat or envelope ; and thus the momla I 

filled with fluid, the planvla. The wall of the pla- 
ie next poshed in on one side, or invaginated, 
whereby it is cooTerted into a doable-waJled eac with an 
opening, the hlaetc^re, which leads into Uie cavi^ lined 
by the inner wall. This cavity is the primitiv-e aliment- 
ary cavity or archenteron ; the inner, or invag^nated, 
layer is the hypc^last, the outer the epihUut; and the 
bryo, in this stage, is termed a gastnda. In all the 
;ber animals, a layer of cells makes its appearance be- 
tween the hypoblast and the epiblast, and is termed the 
mesdblast. In the further course of development, the 
epiblast becomes the ectoderm or epidermic layer of the 
idy ; the hypoblast becomes the epithelinm of the mid- 
le portion of the alimentary eanal ; and the mesoblast 
gives rise to all the other tissues, except the central ner- 
TOUB Bjstem, which originates from an ingrowth of the 
epiblast. 

With more or less modification in detail, the embryo 
been observed to pass throngh these successive evo- 
Intional stages in sundry Sponges, Cojlenterates, Woruia, 
Echinoderms, Tuuieates, Arthropods, Mollusks, and Ver- 
tebrates ; and there are valid reasons for the belief, that 
all animals of higher organisation than the Protozoa 
agree iu the general character of the early stages of their 
individual evolution. Each, starting from the condition 
of a simple nucleated cell, becomes a cell-aggregate ; and 
this passes through a condition which represents the 
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gaetmla Btage, before taking on the features diBtinctive 
of the groap to which it belongs. Stated in this form, 
the "gastrjea theory " of Haeckel appears to the present 
writer to be one of the most important and best founded 
of recent generalisations. So far as individual plants 
and animals are concerned, therefore, erolution is not a 
Bpectdation but a fact ; and it takes place by epigenesis. 

" Animal , . . per epigeneiia procreatur, materiam ainml attra- 
hit, parat, concoqait, et efidem aCitur; fonnatur airanl et nogetur 
. . . primnm futnri corporis coacreraentnin . . . pront angetur, 
diTiditnr sensiiu et distinguitar iaparteB, non simul nmnes, aed alias 
post alias nataa, et online qnasque suo emergentee." * 

In these words, by the divination of genius, Ilarvey, 
in the seventeenth century, summed np the outcome of 
the work of all those who, with appliances he eonld not 
dream of, are continuing his labours in the nineteenth 
century. 

Nevertheless, though the doctrine of epigenesis, as 
understood by Harvey, has definitively triumphed over 
the doctrine of evolution, as understood by his oppo- 
nents of the eighteenth century, it is not impossible that, 
when the analysis of the process of development is car- 
ried still farther, and the origin of the molecular com- 
ponents of the physically gross, though sensibly minnte, 
bodies which we term germs ia traced, the theory of de- 
velopment will approach more nearly to metamorphosis 
than to epigenesis. Harvey thought that impregnation 



Harrey, " Eiercitationea do GGneratione." 
materia et quomodo fiat in Oto." 
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mflaenced the female organism as a contagion ; and that 
the blood, which he conceived to be the first mdiment 
of the germ, oroae in the clear fluid of the " colliqnamen- 
tiim " of the ovum by a process of concrescence, as a sort 
of living precipitate. We now know, on the contrary, 
that the female germ or ovtim, in all the higher animals 
and plants, is a body which possesses the etnieture of a 
nucleated cell ; that impregnation consists in the fusion 
of the substance * o£ another more or lees modified nu- 
cleated cell, the male germ, with the ovum ; and that 
the structural components of the body of the embiyo 
are all derived, by a process of division, from the coa- 
lesced male and female germs. Hence it is conceivable, 
and indeed probable, tliat every part of the adult eon- 
tains molecules, derived both from the male and from 
the female parent ; and that, regarded as a mass of mo- 
lecules, the entire organism may be compared to a web 
of which the warp is derived from the female and the 
woof from the male. And each of these may constitnte 
one individuality, in the same sense as the whole organ- 
ism is one individual, although the matter of the organ- 
ism has been constantly changing. The primitive male 
and female molecules may play the part of Buffou's 
"monies organiques," and mould the assimilated nutri- 
ment, each according to its own type, into innumerable 
new molecules. From this point of view the process, 
which, in its superficial aspect, is epigenesis, appears in 
ince, to be evolution, in the modified sense adopted 
Not^t actuatl; demouBtnited in tho case of plueuogamons plants. 
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in Bonnet's later writings ; and development is merely 
the expansion of a potential organism or " original pre- 
formation" according to fixed laws. 

, T}i£ Evolution, of the Sum of Living Beings. 
■ The notion that all the kinds of animals and plants 
may have come into existence by the growth and modifi- 
cation of primordial germs is as old as speculative 
thought ; but the modern scientitie form of the doctrine 
can be traced historically to the influence of several con- 
verging lines of philosophical speculation and of physical 
observation, none of which go farther back than the 
seventeenth century. These are :— 

1. The enunciation by Descartes of the conception 
that the physical tiniveree, whether living or not living, 
is a mechanism, and that, as such, It is exphcable on 
physical principles. 

2. The observation of the gradations of stmctnro, 
from extreme simplicity to very great complexity, pre- 
sented by living things, and of the relation of these 
graduated forms to one another, 

3. The observation of the existence of an analogy 
between the series of gradations presented by the species 
wMch compose any great group of animals or plants, and 
tlie series of embryonic conditions of the highest mem- 
bers of that group. 

4. The observation that large groups of species of 
widely different habits present the same fundamental 
plan of structure ; and that parts of the same animal or 
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fUnt, the ftmctioas of idiich ve very diSercDt, likewiee 
exhibit modifications of a eiHiuiion plan. 

5. The obeemtion <^ the eodstence of etmctures, in a 
radimeotaiy and ^ipaient]j naelegs condition, in one 
epecics of a groop, wfaicJli are folly developed and have 
d^nite fnnctitHis in other epecies of the sMiie group. 

6. The obGerradon of the effects of varying condi- 
tions in modifying living organisms. 

7. The obeervation of the facta of geographical dia- 
tribntion. 

6. The observation of the facts of the geological suc- 
ceasioa of the forms of life. 

1. Notwithstanding the elaborate di^;iiise which fear 
of the powers that were led Descartes to throw over hia 
real opinioDS, it is impossible to read the " Principes de 
la Phiiosophie" withoat acqniring the conviction that 
this great philosopher held that the physical world and 
all things in it, whether living or not living, have origin- 
ated by a process of evolution, due to the continaoufi 
operation of pnrely physical causes, oat of a prij 
relatively formless matter.* 

The following passage ia especially instmctive > 

" Et tant a'en faut que je veaille qae I'on croie tootes les chosM 
que J'6orirai, que m6ine je pretends en proposer ici qudqnes iines 
que je crois absolameDt hire fansses ; i savoir, je ne doute point qae 
la monde nVit &t& cr6S an commeiiceiDent avec autant do porfection 



" Ab BiiffoD has well Aud : — " L'idOe de ramencr I'eipUcalion de tous lea 
ph^nomtneB k dcs prindpes meoaaiqaeB cit nasurement grando el belle, ce 
pu est \e pliu liardi i|u'dd pcut fsire ea philosopbic, ct c'est Descartes qui 
fa flit."—/. A p, SO. 
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fn'il en a ; en sorte que lo soleil, la terra, la Inne, et les 6toilea ont 
etb Aia lors ; et qne la terre n'a paa on sealement en soi les Bemenoes 
des plantes, raais quo lea plantea m6me en ont convert one partie ; 
et qu' Adam et Eve n'ont pus it6 cr^Ss enfana mats en Age d'hommes 
parfaits. La religion obr^tienne vent que nous le orofons ainsi, et 
la raison UBtnrelle nODB persnade entiSrement cette v^rit^ ; car si 
nous considfrons la toute puissance de Diev, nous devona juger qne 
toQt 00 qu'il a fdt a eu d^ la commencement toate la perfection 
qn'il devoit avoir. Haia n^onmoins, comme on connditroit beanooup 
mieux quelle a Hi la natnre d'Adam et celle dea arbrea de Paradia 
si on avoit examine comment lea enfants ae forment pen & peu dana 
le ventre de lenrs tndres et comment lea plantea sortent de leurs 
aemencea, que ai on avoit sonlement conaid^rS quela ila ont 6t(i quand 
Dieu lea a cr66a : tout de mJ^me, nous ferona mieoz entendre quelle 
eat g6n6raleinent lo natnre de tontea lea cbnses qui sont au monde ^ 
noos poovona imaginer qnelqnes prinoipes qui aoient fort intelligibles 
et fort sim pies, deaqncls nous puissions voir clairement que lesastres 
et la terre et enQn tont ce monde vieible auroit pn gtre prodiilt ainei 
qne de quelqnea aemencea (bien qae nana sachions qu'il n'a paa iH 
prodnit eu cotto fagnn) qne si nous la decrivions aeulernent comme 
U est, on bien comme nous crojona qn'il a ^t^ cr6S. £t parceque je 
pense avoir trouv6 dea principes qai sont tele, je tacherai ici de lea 
expliquer."* 

If we read between the lines of this singular exhibi- 
tion of force of one kind and weakness of another, it is 
dear that Descartes believed that he had divined the 
mode in which the physical nniverse had been evolved ; 
and the " Traite de I'homme " and the essay " Sur les 
Passions" afford abundant additional evidence that he 
sought for, and thought ho had found, an explanation of 
the phenomena of physical life by deduction from purely 



Spinoza abounds in the same sense, and is as usnal 
perfectly candid — 

* " Frincipe9 de la PhilMophie," Troii!6me partie, g 15. 
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Xatm legos et ro^aa, BecaDdum quas omnia Eant et e. 
a alias mutantur, sunt ubiqno et Bomper eadem." * 



I 

^^■fonnia 

^^H Leibnitz^s doctrine of coatinuity necessarilj led him 

^^Rn the same direction ; and, of the infinite mnltitndc of 

monads with which he peopled the world, each ie sap-' 

posed to be the focus of an endless process of evolntion 

■and involution. In the " Protogsea," xxvi, Leibnitz 
flifitinctly suggests the mutability of epeciee — 
" jUii niirantur in saris poBaim Hpecies viAeii qnaa vel id orbe 
oognito, vol Bultem in vicinia locis fraatra quceraa. Ita ' Comns 
AmmoniB,' qnte ex naiitiloruni numoro haboantur, passim et torem 
et magnitudinc (nam et pedali diametro aliquando reperiuntnr) ab 
omaibUB illis naturis discrepore dicimt, quas pnebet mare. Bed qois 
ibflconditos ejuB recessus ant subterraneaa abjgsos perveatigavitt 
I niulta nobis anifflnlia aatea ignota o£Fert novus orbis! El 
dibile est per magnoa illas conTersiunea etiam animaliam apedea 
Brim am immutatas." 

Thus, in the end of the seventeenth century, the seed 

Was sown which Las, at intervals, broaght forth recur- 
rent crops of evolutional hypotheses, based, more or less 
wmpletely, on general reasonings. 

Among the earliest of these speculations is that put 
porward by Benoit de Maillet in his " Telliamed," which, 
Jiough printed in 1735, was not published until twenty- 
iiree years later. Considering that this book was writ- 
ten before the time of Haller, or Bonnet, or LinnEGuB, 
or Hutton, it surely deserves more respectful considera- 
tion that it usually receives. Tor De MaiUct not only 
definite conception of the plasticity of living 
lings, and of the production of existing species by the 
* " Ethics," Pura tertia, Pnofatio. 
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modification of their predecessors ; but he dearly appre- 
hends the cardinal maxim of modem geological science, 
that the explanation of the stmcture of the globe is to 
be sought in the deductive application to geological phe- 
nomena of the principles established inductively by the 
study of the present course of nature. Somewhat later, 
Maupertuis* suggested a curious hypothesis as to the 
causes of variation, which he thinks may be sufficient to 
account for the origin of all animals from a single pair. 
Robinet f followed out much the same line of thought as 
De Maillet, but less soberly ; and Bonnet's speculations 
in the " Palingenfisie," which appeared in 1769, have 
already been mentioned. Buffon (1753-1778), at first a 
partisan of the absolute immutability of species, subse- 
quently appears to have believed that larger or smaller 
groups of species have been produced by the modifica- 
tion of a primitive stock ; but he contributed nothing to 
the general doctrine of evolution. 

Erasmus Darwin (" Zooiiomia," 1794), though a zeal- 
ous evolutionist, can hardly be said to have made any 
real advance on his predecessors ; and, notwithstanding 
that Goethe (1791-4) had the advantage of a vride 
knowledge of morphological facts, and a true insight 
into their signification, while he threw all the power of 
a great poet into the expression of his conceptions, it 
may be questioned whether he supplied the doctrine of 

** " Sf st&me do la Nulure." " Easaj but la Formation des Corps Orga- 
nia^s," 1701, liv, 

f " ConaidimtiODS Ptiilriaophiqucs sur la ^ulatioo naturelle dea formes 
fc I'fitre ; ou lea esania do la nature qid appreud i, luce I'homme," 1 768. 
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iTolation with s firmer scientific basis ttian it already 
poseeseed. Moreover, ■whatever the valae of Goethe's 
lahoors in that field, thej were not published before 
1820, long after evolutioniara had taken a new departure 
im the works of Treviranns and Lamarck — the first of 
advocates who were equipped for their task with the 
needful large and accurate knowledge of the phenomena 
of life, as a whole. It is remarkable that each of these 
writers ecems to have been led, independently and con- 
jtemporancously, to invent the same name of "Biology" 
for the science of the phenomena of life ; and thns, fol- 
lowing Bufion, to have recognised the essential unity of 
these phenomena, and their contradistinction from those 
of inanimate nature. And it is hard to say whether 
Lamarck or Treviranns has the priority in propounding 
the main thesis of the doctrine of evolution ; for though 
the first volume of Treviranus's " Biologie " appeared 
only in 1802, he says, in the preface to his later work, 
the " Ei-Bcheinnngen und Gesetze dea organischen Le- 
bens," dated 1831, that he wrote the first volume of the 

Biologie " " nearly five-and-thirty years ago," or about 
1790. 

Now, in 1794, there is evidence that Lamarck held 

loctrines which present a striking contrast to those 

'hich are to be found in the " Philoeophie Zoologiquo," 
the following passages show : 

" (i85. Quoiqao mon uniqne objot dans cet article n'Mt 6t6 qne 
(le trailer de la cause phjaiqae de I'entretien de la vie dos 6tres oi^ 
guiiqueB, raalgrS cda j'ai os£ avanoer en debutant, qa« I'e: 
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de ceB 6tres fitonnanta n'appartiennoot nnlloment & la noture ; que 
tout ce qn'on pent eatoodm par le mot nature, ne poavoit donner la 
vie, c'eet-d-dire, qne tontea Ics qualit^a do lii matiSre, jointes i tontca 
lea circonatances poasibkB, et mfime d I'sotiviti r^pandue dans I'lmi- 
Ters, ne pooTaient point produire an 6tre muni do monvement or- 
ganiqae, capable de reprodaire son semblable, et anjet ^ la mort. 

" 686. Tons lea individua de cette nature, qui exiatent, provien- 
nent d'indiridua setiiblabtos qui tous ensemble oonstitnent respSce 
enti^re. Or, je crois qa'U est ausfli impoaaible t rbomme de con- 
n6itre la cause pbysique du premier indindn de chaqne e9[>£ce, quo 
d'osaigner aOBsi phjaiquement la cause do I'esistenoe de la matiSre 
on de Tunivoi's eatier. C'est an moiua ce que le r^nltat de mes 
connaissancea et de mea reflexions me portent & penaer. 6'i1 esiste 
beaucoup de vari6t6a prodnites par I'effet dca circonstances, ces va- 
ri^t£a ne d^natnrent point lea espies ; maia on se trompe, sana doute 
souvent, en indiqnant comme espSce, ce qui a'est que rariStS ; et 
alors je sens que cette errenr pcut tirer k cona^quence dana les rai- 
Bonnements que I'on fait aur cetto inati^re."* 

The first tliree volumes of Treviranus's "Biologie," 
wliich contain his general yiewa of evolution, appeared 
between 1802 and 1805. The "Recherehes sur I'organi- 
Bation des corps vivants," in ■which the outlines of La- 
marck's doctrines are given, waB publiebed in 1802 ; bat 
the full development of bis views, in the " PhUoaophie 
Zoologiqne," did not take place until 1809. 

The "Biologie" and the "Philosophie Zoologiqne" 
are both very remarkable productions, and are still 

* " Reeliercbea eur Ics cftiuiea des principaui fails phjriqaes," par J. 
B. Lamarck. Paris. Sccondc aaa&e de In R6publique. la the prcfice, 
I^mwrck Bays tbat tbe woric naa written in ITJd, and presented to tbe 
Academy in 1T80 ; but it was uol publislied bcforo I nt, and, at that time^ 
It piesumablf eipreeaed Lamarck's mature viewg. It would be interesting 
to know wliat brought about Ihe change of opinion manilestcd in the " Re- 
cbercbes aur rorganisatian dea corps TlvantA," published onl; aoTen year* 
later. 
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animal life, commenced by LeeuwenLoek and Swammer- 

dam, and continned by the remarkable laboors of Geaa- 
mur, Trcmbley, Bonnet, and a host of other observers, 
in the latter part of the seventeenth and the first half of 
le eighteenth centnriea, drew the attention of biol(^tetfi 
the gradation in the complexity of organisation which 
18 presented by living beings, and culminated in the doc- 
trine of the " ^chelle des 6tres," so powerfully and clearly 
stated by Bonnet; and, before him, adumbrated by 
Locke and by Leibnitz. In the then state of knowledge, 
it appeared that all the epecies of animals and plants 
conld be arranged in one series ; in such a manner that, 
by inaensible gradations, the mineral passed into the 
plant, the plant into the polype, the polype into the 
worm, and so, through gradually higher forms of life, to 
man, at the summit of the animated world. 

But, aa knowledge advanced, this conception ceased 

to be tenable in the crude form in which it was first put 

forward. Taking into account existing animals and 

plants alone, it became obvioos that they fell into groups 

which were more or lees sharply separated from one 

another ; and, moreover, that even the species of a genns 

can hardly ever be arranged in linear series. Their 

natural resemblances and differences are only to be ex- 

ireBsed by disposing them as if they were branches 

bringing from a common hypothetical centre. 

Lamarck, while affirming the verbal proposition that 

.mala form a single series, was forced by his vast 

itance with the details of soology to limit the 
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asBertioa to fluch a series ae may be formed out of the ab- 
stractions constitated bj the common characters of each 
group* 

Cnvier on anatomical, and Ton Baer on embryological 
grounds, made the further step of proving that, even in 
thiB limited sense, animals cannot be arranged in a single 
series, but that there are aeveral distinct plana of organi- 
sation to be observed among thera, no one of which, in 
its highest and moat complicated modification, leads to 
any of the others. 

The conclusions enunciated by Cuvier and Von Baer 
have been confirmed, in principle, by all subsequent 
research into the structure of animals and plants. But 
the effect of the adoption of these conclusions has been 
rather to substitute a new metaphor for that of Bonnet 
than to abolish the conception expressed by it. Instead 
of regarding living tilings as capable of arrangement in 
one series lite the steps of a ladder, the results of 
modem investigation compel us to dispose them as if 
they were the twigs and branches of a tree. The ends 
of the twigs represent individuals, the smallest groups of 
twigs species, larger groups genera, and so on, until we 
arrive at the source of all these ramifications of the main 
branch, which is represented by a common plan of struct- 
ure. At the present moment, it is impossible to draw 
up any definition, based on broad anatomical or develop- 



* " H B'ugit done do prouver que la B^rie qui constitute l'£clielle aoimale 
reside BssenlieUemeat duia la diatributioa des masaca principalGS qui la 
coiDposeut et noa duis celle dea esp^ces ni mSme toujours dona celle dee 
-"PhiL Zoologiqae," cli»p. t. 
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meotil chirartere, bj whidi snjr (me of Cnvier'B great 
groops dull be eepanted from all the rest. On the con- 
tnij, the lomr inemben of e*di tend to oonverge 
towards the lower members of all the othei& The same 
may be sud of the vegetable world. The apparently 
dear difitinctioD between flowering and flowerlese pUnta 
has been Inofcen down bj the series of gradations 
between the two exhitated by the LxfoopodiacecR, Jihiso- 
earpecB, and Gymnospermeee. The groape of Fun^, 
£icJi,enes,iaid Alg<f Lave completely run into one another, 
and, when the lowest forme of each are alone considered, 
even the animal and v^etable kingdoms cease to have a 
definite frontier. 

If it is penniseible to speak of the relations of living 
forms to one another metaphorically, the eimilitnde 
chosen most nndonbtedly be that of a common roo^ 
whence two main trunks, one representing the regetable 
and one the animal world, spring; and, each dividing 
into a few main branches, these subdivide into mnltitodw 
of branclilets and these into smaller gronps of tw 

As Lamarck has well said—* 



mnitUBaH n 
twigo^^H 

meot ooamts ' 



" II n'j a que oens qui »e aont longtemps et fortaoietit occnpfo 
de la determination dea esp&c«a, et qni oBt conanlW de riches ool- 
lectioDB, qui peavent savoir Josqu'd qnel point les t^ieet, parmi les 
corps vivants se fondeDt Jes naea dans les aatres, et qoi ont pn ea 
convaincre qne, dans les parties oil nous rojons dea e^ieet isol^ 
cela n'c9t aiosi qne parcequ'U nouB en monqae d'aatrea qui en sont 

8 voisines et qne nons D'avous pas encore recnoillieB. 

" Jo ne Tons pas dire ponr cela qne lea aoimaTii qui enatent 

* PhiloBOpliie Zoologique, premi&re partie, diap. UL 
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fnrmeDt nne sSrid trSs-simpIa et partoat igalement caancSe; mais 
je dis qn'ils forment nne afirie rameose, irr^gnlifirement gradnfie et 
qni n'a point de disconCinnitd dans eea partiea, oa qui, dn rooins, 
n'en a toujonrs pas en, b'U est vroi qne, par suite de qnelques 
eap^cea perdaes, U s'en troave quelque part. II en resnlte Que les 
egpieu qui tcrmineat chaqiie ramean do la sSrie g^n^rale tienncnt, 
an moine d'nn cAl^, ^ d'autres eaptees voisinea qni se nuancent avec 
ellee. Voil^ ce que I'^tat bien conou des cboBes me met main- 
tenant & port6e de deraontrer, Je n'si beaoin d'anoune bypothSse 
ni d'ancune supposition pour cela ; j'en atteste toute natnralistea 
observateurs." 

3. In a remarkable essay * Meckel remarks — 

" There is no good physiologist wbo has not been struolt by the 
obBervation that the original form of all organisms ia one and the 
same, and that ont of this one form, all, tbo lowest aa well as the 
highest, are developed in such a manner that the latter pass throngb 
the permanent forma of the former as transitory stages. Aristotle, 
Ealler, Harvey, Kielmeyer, Autenrieth, and many others, have 
either made ihia observation, incidentally, or, especially tlje latter, 
have drawn partioalar attention to it, and drawn therefrom resalts 
of permanent importance for physiology." 

Meckel proceeds to exemplify the thesis, that the 
lower forms of animals represent stages in the coorsd of 
the development of the higher, with a krge series of 

illustrations. 

After comparing the Salamanders and the perenni- 
branchiate Urodela with the Tadpoles and the Frogs, 
and enmiciating the law that the more highly any animal 
is organised the more qtiicklj does it pass throngh the 
lower stages, Meckel goes on to say — 

" " Entmirf eincr DarBlcllung der ;;t(ischen dpm EcnbrjozuBtinde der 
hoberen Tbiere und dem permanentcri der niederen atattfindenden Faral. 
Ida," "Beytrige but Vergleichcnden Anstomie," Bd. ii. 1611. 




K m Aa cM&it p«o d» tndfj' its claiiD to a 



If Meekd's propoBitkRi b so £tf qtoUfied, that tbe 
eompanson of adnlt with anhrj^xae forms is restricted 
within the timits of one type of orgsnisatioii ; uid, if it 
is further recollected that the resemblance between the 
permaneDt lover form and the enibrronic stage of a 
higher form is not special bnt general, it is in entire 
accordance with modem embryology ; although there is 
no branch of biology which has gnjwn so largely, and 
I improved it^ methods bo mnch, eince Ttfeekel's time, as 
this. In its original form, the doctrine of "arrest of de- 
velopment," as advocated by Geoffrey Saint-Hilaire and 
Serres, was no doubt an over-statement of the case. It 
is not true, for example, that a fish is a reptile arrested 
in its development, or that a reptile was ever a fiah ; bnt 
it 18 true that the reptile embryo, at one stage of its 
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development, is an organism wliicli, if it had an inde- 
pendent eslBtencej mtiBt be classified among fisbee ; and 
all the organs of tlie reptile pass, in tlie coui-se of their 
development, through conditions which are closely analo- 
gous to those which are permanent in some fisliee. 

4. That branch of biology which is termed Morphol- 
ogy is a commentary upon, and expansion of, the propo- 
sition that widely different animals or plants, and widely 
difEerent parts of animals or plants, are constructed upon 
the same plan. From the rough compai'ieon of the 
skeleton of a bird with that of a man by Belon, in the 
sixteenth century (to go no farther back), down to the 
theory of the limbs and tiie theory of the skull at the 
present day ; or, from the first demonstration of the 
homologies of the parts of a flower by C. F. "WolfE, to 
the present elaborate analysis of the floral organs, mor- 
phology exhibits a continual advance towards the demon- 
stration of a fundamental unity among the seeming diver- 
sities of living structures. And this demonstration, haa 
been completed by the final establishment of the cell 
theory, which involves the admission of a primitive con- 
formity, not only of all the elementary structures in ani- 
mals and plants respectively, but of those in the one of 
these great divisions of living things with those in the 
other. No d priori difficulty can be said to stand in the 
way of evolution, when it can be shown that all animals 
and al! plants proceed by modes of development, which 
are similar in principle, from a fundamental protoplas- 
mic material. 
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5. The innumerable cases of struetures, which are 
rudimentary and apparently useless, in species, the close 

f allies of which possess well developed and functionally 
" important homologous structures, are readily intelligible 
on the theory of evolution, while it is hard to conceive 
their raison d''ctre on any other hypothesis. However, 
a cautions rcasonor will probably rather explain such 
I cases deductively from the doctrine of evolution than 
i endeavour to support the doctrine of evolntion by them. 
For it is almost impossible to prove that any atmctore, 
however rudimentary, is nseless^tliat is to eay, that it 
B no part whatever in the economy j and, if it is in 
the slightest degree useful, there is no reason why, on 
the hypothesis of direct creation, it should not have 
heen created. Nevertheless, double-edged as is the 
argument from rudimentary organs, there is probably 
none which has produced a greater effect in promoting 
the general acceptance of the theory of evolntion. 

6. The older advocates of evolution sought for the 
causes of the process exclusively in the influence of vary- 
ing conditions, such as climate and station, or hybridi- 
sation, upon living forms. Even Treviranns has got no 
farther than this point, Lamarck introduced the con- 
ception of the action of an animal on itself as a factor in 
producmg modification. Starting from the well-known 
fact diat the habitual use of a limb tends to develop the 
muBclea of the limb, and to produce a greater and 
greater faeihty in using it, he made the genei'al assump- 

t^*" 'lie effort of an animal to exert an organ ii) n 
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givea direction tends to develop the organ in that direc- 
tion. But a little consideration showed that, though 
Lamarck had seized what, as far as it goes, is a tme 
cause of modification, it ia a cgiuse the actnal efiects of 
which are wholly inadequate to account for any consider- 
able modification in animals, and which can have no in- 
fluence at all in the vegetable world ; and probably 
nothing contributed ao much to discredit evolution, in 
the early part of this century, as the floods of easy ridi- 
cule which were poured upon this part of Lamarck's 
speculation. The theory of natural selection, or survival 
of the fittest, was suggested by Wella in 1813, and fur- 
ther elaborated by Matthew in 1831. But the pregnant 
suggestions of these writers remained practically unno- 
ticed and forgotten, until the theory was independently 
devised and promulgated by Darwin and "Wallace in 
1858, and the effect of its publication was immediate 
and profound. 

Those who were unwilling to accept evolution, with- 
out better grounds than such as are offered by Lamarck, 
or the author of that particularly unsatisfactory book, 
the " Vestiges of the Natural History of the Creation," 
and who therefore preferred to suspend their Judgment 
on the question, found, in the principle of selective 
breeding, pursued in all its applications with marvellous 
knowledge and skill by Mr. Darwin, a valid explanation 
of the occurrence of varieties and races ; and they saw 
clearly that, if the explanation would apply to species, it 
roold not only solve the problem of their evolution, but 
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it it would account for the facts of teleology, as well 
as for those of morphology ; and for the persistence of 
some forms of life unchanged through long epochs of 
time, while others undergo comparativdy rapid meta^ 
morphosis. 

IIow far " natural selection" suffices for the produc- 
tion of Bpceies remains to be seen. Few can doubt that, 
if not the whole cause, it is a very important factor in 
that operation ; and that it must play a great part in the 
sorting out of varieties into those which are transitoiy 
and those which are permanent. 

But the causes and conditions of variation have yet 
to be thoroughly explored ; and tho importance of natu- 
ral selection mil not be impaired, even if further in- 
quiries should prove that variability is definite, and is 
determined in certain directions rather than in others, 
by conditions inherent in that which varies. It is quite 
conceivable that every species tends to produce varieties 
of a limited number and kind, and that the effect of 
natural selection is to favour the development of some of 
these, while it opposes the development of others along 
their predetermined lines of modification. 

7. "No truths brought to light by biological investiga- 
tion were better calculated to inspire distrust of the dog- 
mas intruded upon science in the name of theology, than 
those which relate to the distribution of animals and 
plants on the surface of the earth. Tory skilful accom- 
modation was needful, if the limitation of sloths to 
South America, and of the omithorhynchus to Aostrolia, 
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was to be reconciled with the literal interpretation of 
the history of the deluge ; and, with the eBtahlishment 
of the existence of distinct provinces of distribution, any 
serious belief in the peopling of the world bj migration 
from Mount Ararat came to an end. 

Under these circumstances, only one alternative was 
left for those who denied the occurrence of evolution— 
namely, the supposition that the charaeteriatic animals 
and plants of each great province were created, as such, 
within the limits in which we find them. And as the 
hypothesis of "specific centres," thus formulated, was 
heterodox from the theological point of view, and unin- 
telligible under its scientific aspect, it may be passed 
over without further notice, as a phase of transition 
from the creational to the evolutional hypothesis. 

8. In fact, the strongest and most conclusive argu- 
ments in favour of evolution are those which are based 
upon the facts of geographical, taken in eonjnnctiou with 
those of geological, distribution. 

Both Mr. Darwin and Mr. Wallace lay great stress on 
the close relation which obtains between the existing 
fauna of any region and that of the immediately ante- 
cedent geological epoch in the same region ; and rightly, 
for it is in truth inconceivable that there should be no 
genetic connection between the two. It is possible to 
put into words the proposition that all tlie animals and 
plants of each geological epoch were annihilated, and 
that a new set of very similar forms was created for 
the next epoch j but it may be doubted if any one who 
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eref tried to f oim a distmct mental image of this process 
of spontaneous generation on the grandest scale, ever 
really sneoeeded in realising it 

Within the last twenty years^ the attention of the 
best paleontologists has been withdrawn from the hod- 
man^s work of making " new species " of fossils, to the 
scientific task of completing onr knowledge of individual 
species, and tracing ont the saooession of the forms pre- 
sented by any given type in time. 

Those who desire to inform themsdyes of the natnre 
and extent of the evidence bearing on these qnestions 
may consult the works of Rotimeyer, Grandry, Kowalew- 
sky, Marsh, and the writer of the present article. It 
must suffice, in this place, to say that the snccessive 
forms of the Equine type have been fully worked out ; 
while those of nearly all the other existing types of Un- 
gulate mammals and of the Camwora have been nearly 
as closely followed through the Tertiary deposits ; the 
gradations between birds and reptiles have been traced ; 
and the modifications undergone by the CrooodUictj from 
the Triassic epoch to the present day, have been demon- 
strated. On the evidence of palaeontology, the evolu- 
tion of many existing forms of animal life from their 
predecessors is no longer an hypothesis, but an historical' 
fact ; it is only the nature of the physiological factors 
to which that evolution is dae which is still open to 
discussion. 



xn. 

THE COMING OF AGE OF " THE ORIGIN OF 

SPECIES." 

Many of you will be f amiKar with the aspect of this 
small green-covered book. It is a copy of the first edi- 
tion of the " Origin of Species," and bears the date of its 
production — the 1st of October 1859. Only a few 
months, therefore, are needed to complete the fuU tale 
of twenty-one years since its birthday. 

Those whose memories carry them back to this time 
will remember that the infant was remarkably lively, 
and that a great number of excellent persons mistook its 
manifestations of a vigorous individuality for mere 
naughtiness; in fact there was a very pretty turmoil 
about its cradle. My recollections of the period are par- 
ticularly vivid ; for, having conceived a tender affection 
for a child of what appeared to me to be such remark- 
able promise, I acted for some time in the capacity of a 
sort of under-nurse, and thus came in for my share of 
the storms which threatened the very life of the young 
creature. For some years it was undoubtedly warm 
work ; but considering how exceedingly unpleasant the 
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apfMuidoci ef t&e new-csmter must have been to those 
v1m> dad HOC fill in loTe with him at first sight, I think 
it k «> dhe cieiiii of oar age diat the war was not fiercer, 
and dat the mof^ bitti^ and nnscmpnlons forms of 
cfpoatioii dkd awar is soon as they did. 

I qwak cf thk period as of something past and 
gciie« poaeeszng merel v an historical, I had almost 
said an andquamn interest. For, dnring the second 
decide of the existence of the " Origin of Species," 
opposidon, though bv no means dead, assumed a differ- 
ent aspect. On the part of all those who had any 
reason to respect themselTes, it assumed a thoroughly 
lespectful character. By this time, the dullest began to 
perceive that the child was not likely to perish of any 
congenital weakness or infantile disorder, but was grow- 
ing into a stalwart personage, upon whom mere goody 
scoldings and threatenings with the birch-rod were 
quite thrown away. 

In fact, those who have watched the progress of sci- 
ence within the bist ten years will bear me out to the 
full, when I assert that there is no field of biological 
inquiry in which the influence of the " Origin of Spe- 
cies '^ is not traceable; the foremost men of science in 
every country are either avowed champions of its lead- 
ing doctrines, or at any rate abstain from opposing 
them ; a host of yoimg and ardent investigators seek 
for and find inspiration and guidance in Mr. Darwin's 
great work; and the general doctrine of evolution, to 
one side of which it gives expression, obtains, in the 
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phenomena of biology, a firm base o£ operations whence 
it may conduct its conqnest of the whole realm of 
natnre. 

History warns us, however, that it is the customary 
fate of new tmtlis to begin as heresies and to end as 
superstitions ; and, as matters now stand, it ia hardly 
rash to anticipate that, in another twenty years, the 
new generation, educated under the influences of the 
present day, will be in danger of accepting the main 
doctrines of the " Origin of Species," with as little re- 
flection, and it may be with as little justification, as 
80 many of our contemporaries, twenty years ago, re- 
jected them, 

Agjuoat any snch a consummation let us all devoutly 
pray ; for the scientific spirit is of more value than its 
products, and irrationally held truths may be more 
harmful than reasoned errors. Now the essence of the 
scientific spirit is criticism. It tells us that whenever 
a doctrine claims our assent we should reply, Take it 
if you cau compel it. The struggle for existence holds 
aa much in the intcllectnal as in the physical world, 
A theory is a species of thinking, and its right to exist 
is coextensive with its power of resiBting extinction 
by its rivals. 

From this point of view, it appears to mo that it 
wonld be but a poor way of celebrating the Coming 
of Age of the " Origin of Species," were I merely to 
dwell upon the facts, undoubted and remarkable as 
they are, of its far-reaching influence and of the great 
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■ vto are occupied in spread- 
Mere insanities and 
T—— ^*™* Wv« bc^bve BOW nrtdlcQ to portentous size 
IB tbe eoBiM vi. twaitj jtaa. Let us rather ask this 
pntfi^ooi rh— gp ia opiaioo to jostify itself; let ns 
iB^ie alHllwi B^diiiig has happoied dnce 1S59, 
vlodi viU exphiBL, on nuioiul groonds, why eo many 
■m wonfaiCTOTg that wliieh they burned, and burning 
Uiat vhidi duy wtashipped. It is only in this way 
that we ahall acquire the means of judging whether 
die moTGznent we hare wibwEeed is a mere eddy of 
^fihioD, or truly one with the inerersible coirent of 
inteDectnal progre^ and, like it, safe from retrogrea- 
are reaction. 

Every belief is the prodact of two factors : the first 
is the state of the mind to which the evidence in favour 
of that belief is presented; and the second is the logi- 
cal cogency of the evidence itself. In both these re- 
spects, the history of biological science during the last 
twenty years appears to me to afford an ample explana- 
tion of the change ^hich has t-aken place ; and a brief 
consideration of the salient events of that history will 
I enable us to nnderstand why, if the " Origin of Spe- 
es " appeared now, it would meet with a very different 
ccption from that wbieli greeted it in 1859. 
One-and-twenty years ago, in spite of the work com- 
menced by Ilutton and continned with rare skill and 
Mticnce by Lyell, the dominant view of the past history 
£ the earth was catastrophic. Great and sndden physi- 
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cal revolutione, wholesale creations and extinctions of 
living beioga, were the ordinary machinery of the geo- 
logical epic brought into fashioD by the misapplied 
geniuB of Cavier, It was gravely maintained and 
taught that the end of every geological epoch wae sig- 
nalised by a cataclysm, by which every living being 
on the globe was swept away, to be replaced by a brand- 
new creation when the world returned to quiescence. 
A scheme of nature which appeared to be modelled on 
the likeness of a succession of rubbers of whist, at the 
end of each of which the players upset the table and 
called for a new pack, did not seem to shock anybody. 

I may be wrong, but I doubt if, at the present time, 
there is a single responsible representative of these 
opinions left. The progress of scientific geology has 
elevated the fundamental principle of uniformitarian- 
isin, that the explanation of the past is to be sought 
in the study of the present, into the position of an 
axiom ; and the wild speculations of the catastrophists, 
to which we all listened with respect a quarter of a 
century ago, would hardly find a single patient hearer 
at the present day. No physical geologist now dreams 
of seekiug, outside the range of known natural causes, 
for the explanation of anything that happened miUiona 
of years ago, any more than he would be guilty of the 
like absxn^ity.in regard to current events. 

The effect of this change of opinion upon biological 
speculation is obvious. For, if there have been no 
periodical general physical catastrophes, what brought 
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afao«t die Mninfd genenl extmetioiis and re-creaiioii8 
of fife wliiciL ire the eoMC Bp onding biological catas- 
tifspbea! Attd, if no socih intennptionB of the ordi- 
naiyoooise of nature have taken place in the oiganic, 
anr nxme dun in die inoiganic, world, what alternative 
is diere to the admiaaon of evohition! 

The doctzine ai en^don in biology is the neces- 
GUT resoh of the logical application of the principles 
of nniformitarianism to the phenomena of life. Dar- 
win is the natural snccesscH' of Hntton and Ljell, and 
die ^Oxigin of Spedes" die logical sequence of the 
*^ Principles of Geokgr." 

The fundamental doctrine of die ^Origin of Spe- 
des,'' as of an forms of the theory of evolation applied 
to biologr, is ^'that the innnmerable spedes, genera, and 
&milies of organic beings with which the world is peo- 
pled have all descended, each within its own class or 
gronp, from common parents, and have all been modi- 
fied in the course of descent." * 

And, in view of the facts of geology, it follows that 
all living animals and plants ^^are the lineal descend- 
ants of those which lived long before the Silurian 
epoch." t 

It is an obvious consequence of this theory of descent 
with modification, as it is sometimes called, that all plants 
and animals, however different they may now be, must, 
at one time or other, have been connected by direct 
or mdirect intermediate gradations, and that die ap- 

♦ MOrigln of Species," ed. 1, p. 457. f -^"WdL p. 458. 
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pearance of isolation presented by various groups of 
organic beinge moBt be nnreal. 

No part of Mr. Darwin's work ran more directly 
counter to the prepossesfiiona of naturalists twenty years 
ago than this. And eucb prepoasesaiona were very ex- 
cusable, for tbere was undoubtedly a great deal to be 
said, at tbat time, in favour of the fixity of species and 
of the existence of great breaks, which there was no 
obvious or probable means of filling up, between various 
groups of organic beings. 

For variona reasons, scientific and unscientific, mncb 
bad been made of the hiatus between man and the rest 
of the higher mammalia, and it is no wonder that issue 
was first joined on this part of the controversy. I have 
no wish to revive past and happily foi^otten contro- 
versies ; but I must state the simple fact that the dis- 
tinctions in the cerebral and other characters, which 
were so hotly affirmed to separate man from all other 
animals in 1860, have all been demonstrated to be non- 
existent, and that the contrary doctrine is now univer- 
sally accepted and taught. 

But there were other cases in which the wide struct- 
ural gaps asserted to exist between one group of ani- 
mals and another were by no means fictitious ; and, when 
such structural breaks were real, Mr. Darwin could ac- 
count for them only by supposing that the intermediate 
forms which once existed bad become extinct. In a re- 
markable passage he says — 

" We may thus account even for the distinctn^s of 
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whole classes from each other — for instance, 
from all other vertebrate animals — by the belief that 
many animal forms of life have been utterly lost, 
throngt which the early progenitore of birds were for- 
merly connected with the early progenitors of the other 
vertebrate classes."* 

Adverse criticism made merry over snch saggestions 
as theee. Of course it was easy to get oat of the dif- 
ficulty by supposing extinction ; bnt where was the 
slightest evidence that such intermediate f tffms between 
birds and reptiles as the hypothesis required ever ex- 
isted i And then probably followed a tirade upon this 
terrible forsaking of the paths of " Baconian induc- 
tion." 

But the progress of knowledge has justified Mr. Dar- 
win to an extent which could hardly have been antici- 
pated. In 1962, the Bpeciaiea of Arc/itBopieryx, which, 
until the last two or three years, has remained unique, 
was discovered ; and it is an animal which, in its feathers 
and the greater part of its organisation, is a veritable 
bird, while, in other parts, it is as distinctly reptilian. 

In 1868, 1 liad the honour of bringing under your 
notice, in this theatre, the results of investigations made, 
up to that time, into the anatomical characters of cer- 
tain ancient reptiles, which showed the nature of the 
modifications in virtue of which the type of the quad- 
mpedal reptile passed into that of a bipedal bird j aod 
(btmdant confirmatory evidence of the justice < 
• " Origin of SpocieB," p. 431. 
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coDclnaiona which I then laid before jou has since come 
to light. 

In 1875, the discovery of the toothed birds of the 
cretaceous formation in North America bj Professor 
Marsh completed the series of transitional forms be- 
tween birds and reptiles, and removed Mr. Darwin's 
proposition that " many animal forms of life have been 
utterly lost, through which the early progenitors of birds 
were formerly connected with the early progenitors of 
the other vertebrate classes," from the region of hy- 
pothesis to that of demonstrable fact. 

In 1859, there appeared to be a very sharp and clear 
hiatus between vertehrated and invertebrated animals, 
not only in their stracture, but, what was more impor- 
tant, in their development. I do not think that we even 
yet know the precise links of connection between the 
two ; but the investigations of Kowaleweky and others 
upon the development of Amphioxus and of the Tuni- 
cata prove, beyond a doubt, that the differences which 
were supposed to constitute a barrier between the two 
are non-existent. There is no longer any difficulty in 
understanding how the vertebrate type may have arisen 
from the invertebrate, though the full proof of the man- 
ner in which the transition was actually effected may 
still be lacking. 

Again, in 1859, there appeared to be a no less sharp 
separation between the two great groups of flowering 
and fiowerless plants. It is only Bubacc[uently that the 
series of remarkable investigations inaugurated by Hof- 
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^^HaeiBter has brought to light the extraordinary and alto- 
^Kgether unexpected modifications of the reprodactive ap 
paratDB in the Lifcopodiacem, the Rhizocarpece, and the 
Gymno9perme(B, by which the foms and the mosses are 
gradually connected with the Phanerogamic div 
the vegetable world. 

So, again, it is only since 1859 that we have acquired 
^■l^iat wealth of knowledge of the lowest forms of life 
^Hmiich demonstrates the futility of any attempt to sep- 
arate the lowest plants from the lowest animals, and 
shows that the two kingdoms of living nature have a 
common borderland which belongs to both or to neither. 

kThns it will be observed tliat the whole tendency 
biological investigation, since 1S59, haa been in the 
infection of removing the difficulties which the apparent 
breaks in the series created at that time ; and the recog- 
nition of gradation is the first step towards the accept- 
^Ltncfi of evolution. 

^B As another great factor in bringing about the change 
^" of opinion which has taken place among naturalists, I 
count the astonishing progress which hns been made in 
the study of embryology. Twenty years ago, not only 
e devoid of any accurate knowledge of the mode 
: development of many groups of animals and plants, 
t the methods of investigation were rede and iniper- 
At the present time, there is no important group 
TO organic beings the development of which has not been 
carefully studied ; and the modem methods of harden- 
ing and section-making enable the embryologist to de- 
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termine the nature of the process, in each case, with a 
degree of minutenesa and accuracy which is truly aston- 
ishing to those whose memories carry them back to the 
beginnings of modern histology. And the reeulta of 
these erabryological inyestigations are in complete har- 
mony with the requirements of the doctrine of evolu- 
tion. The first beginnings of all the higher forms of 
animal life are similar, and however diverse their adult 
conditions, they start from a common foundation. More- 
over, the process of development of the animal or the 
plant from its primary egg or germ is a true process of 
evolution— a progress from almost formless to more or 
less highly organised matter, in virtue of the properties 
inherent in that matter. 

To those who are familiar with the process of devel- 
opment, all djyriori objections to the doctrine of biologi- 
cal evolution appear childish. Any one who has watched 
the gradual formation of a complicated animal from the 
protoplasmic mass, which constitutes the essential ele- 
ment of a frog's or a hen's egg, has had under his eyes 
Bnfijcient evidence that a similar evolution of the whole 
animal world from the like foundation is, at any rate, 



Yet another product of investigation has largely con- 
tributed to the removal of the objections to the doctrine 
of evolution current in 1859. It is the proof afforded 
by successive discoveries that Mr. Darwin did not over- 
estimate the imperfection of the geological record. No 
more striking illustration of this is needed than a com- 
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pariaon of our knowledge of the mammaUan fauna of 
the Tertiary epoch in 1859 with its present condition. 
M. Gaudrj's researches on the fossils of Pikenai were 
pablished in 1868, those of IkCessrs. Leidy, Marsh, aad 
.Cope, on the foseils of the Western TerritorieB of Amer- 
I, have appeared almost wholly since 1870, those of M. 
Filhol on the phosphorites of Quercy in 1S78, The gen- 
eral effect of these investigations has been to introduce 
to na a multitude of extinct animals, the existence of 
which was previously hardly suspected ; just as if zoolo- 
gists were to become acquainted with a country, hitherto 
unknown, as rich in novel forms of life as Brazil or 
South Africa once were to Europeans. Indeed, the fos- 
sil fauna of the Western Territories of America bids fair 
to exceed in interest and importance all other known 
Tertiary deposits put together; and yet, with the ex- 
ception of the case of the American tertiariea, these ia- 
vestigations have extended over very limited areas ; and, 
at Pikermi, were confined to an extremely small space. 

Such appear to me to be the chief events in the his- 
tory of the progress of knowledge during the last twenty 
years, which account for the changed feeling with wbidi 
the doctrine of evolution is at present regarded by those 
who have followed the advance of biological science, in 
respect of those problems which bear indirectly upon 
that doctrine. 

But all this remains mere secondary evidence. It 
may remove dissent, hut it does not compel assent. Pri- 
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mai'j and direct evidence in favoor of evolntion can be 
fiirnished only by palseontology. The geological record, 
so soon as it approaches completenesB, must, wliea prop- 
erly questioaed, yield either an afSrmative or a negative 
answer : if evolution has taken place, there -will its mark 
be left ; if it has not taken place, there wilt lie its refn- 
tation. 

What was the state of matters in 1859 1 Let us hear 
Mr. Darwin, who may be trusted always to state the case 
against himself as strongly as possible. 

" On this doctrine of the extermination of an infini- 
tude of connecting links between the living and extinct 
inhabitants of the world, and at each successive period 
between the extinct and still older species, why is not 
every geological formation charged with such links? 
"Why does not every collection of fossil remains afiord 
plain evidence of the gradation and mutation of the 
forms of life? "We meet with no such evidence, and 
this is the most obvious and plausible of the many ob- 
jections which may be urged against my theory." * 

Nothing could have been more useful to the oppo- 
sition than this characteristically candid avowal, twisted 
as it immediately was into an admission that the writer's 
viejKs were contradicted by the facte of palfeontology. 
But, in fact, Mr. Darwin made no such admission. What 
he says in effect is, not that palEeontological evidence is 
against him, hut that it is not distinctly in his favour ; 
and, without attempting to attenuate the fact, he ac- 
" "Origin of Species," cd. 1, p. 463. 



k 



THE COmNQ OF AGE OF 



r 

^■nnta for it b; the BcantinesB and the iinperfechoD of 

^Hftt evidence. 

^H What is the state of the case now, when, aa wo 

^|uve seen, the amonnt of our knowledge reepecling 
the mammalia of the Tertiary epoch is increased fifty- 
fold, and in aome directiona even approaehcB complete- 
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Simply tliia, that, if the doctrine of evolution had 

existed, paleeontologiBta must have invented it, so 

irrcBistibly la it forced upon the mind by the etudj of 

the romaina of the Tertiary mammalia which have been 

^brought to hght since 1859. 

^H Among the fossils of Pitermi, Gaudry foand the 
^Bbcceseive stages by which the ancient civete passed into 
tlie more modem hyrenaa ; through the Tertiary deposits 
of Western America, Marsh tracked the successive forma 
by which the ancient stock of the horse has passed into 
its present form ; and innumerable less complete indica- 
tions of the mode of evolution of other groups of the 
higher mammalia have been obtained. In the remark- 
able memoir on the phosphorites of Qoercy, to which I 
have referred, M. Filhol describes no fewer than seven- 
teen varieties of the genus C^nodicti-a, which till up all 
the interval between the viverine animals and the bear- 
like dog Amphicyon ; nor do I know any solid ground 
of objection to the supposition that, in this Cynadictis- 
Aiaphicyon group, we have the stock whence all the 
Viveridffi, Felidae, Hy^BnidEe, Oanidie, and perhaps the 
Procyonidfe and Ursidse, of the present fauna have been 
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evolved. On the contrary, there is a great deal to be 
said in favour. 

In the course o£ Bumming up his results, M. Filhol 



" During the epoch of the phosphorites, great changes 
took place in animal forms, and almost the same types 
as those which now exist became defined from one an- 
other. 

" Under the inflnence of natmal conditions of ■which 
we have no exact knowledge, though traces of them are 
discoverable, species have been modified in a thonsand 
ways : racea have arisen which, becoming fixed, have 
thus produced a corresponding number of secondary 



In 1859, language of which this is an unintentional 
paraphrase, occurring in the " Origin of Species," was 
scouted aa wild speculation; at present, it is a sober J 

statement of the conclusjona to which an acute and I 

critically-minded investigator is led by large and patient I 

study of tlie facts of paleontology. I venture to repeat 
■what I have said before, that, so far as the animal world 
is concerned, evolution is no longer a speculation, but a 
statement of historical fact. It tabes its place alongside 
of those accepted truths which must be reckoned with by 
philosophers of all schools. 

Thus when, on the first day of October next, the 
" Origin of Species " comes of age, the promise of its 
youth -will be amply fulfilled ; and we shall be prepared 
to congratulate the venerated author of the book, not 
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science of medicine — a " pathology " which has no 
necesaar; snbeervience to practical ends than has zoology 

or botany. 

The logical connection between tim poreiy 6cientific 
doctrine of disease, or pathology, and ordinary biology, 
is easily traced. Living matter is characterised by ita 
innate tendency to exhibit a definite series of the mor- 
phological and physiological phenomena which conetitnte 
organisation and life. Given a certain range of condi- 
tions, and these phenomena remain the same, within 
narrow limits, for each kind of living thing. They fur- 
nish the normal and typical character of the species, and, 
as such, they are the subject-matter of ordinary biology. 
Outside the range of these conditions, the normal 
course of the cycle of vital phenomena is disturbed ; ab- 
normal etrueture makes its appearance, or the proper 
character and mutual adjustment of the functions cease 
to be preserved. The extent and the importance of 
these deviations from the typical life may vary indefi- 
nitely. They may have no noticeable influence on the 
general well-being of the economy, or they may favour it. 
On the other hand, they may be of such a nature 
impede tbo activities of the organism, or even to 
its destruction. 

In the first ease, these perturbations are ranged tindsr 

the wide and somewhat vague category of " variations ; " 

in the second, they are called lesions, states of poisoning, 

**r diseaBoa; and, as morbid states, they lie within tlie 

^^S^^^^^^thologj. E'o sharp line of damarcatitui 
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can be drawn between tLe two classes of phenoaiena, 
No one can say where anatomical yariatjona end and 
tumours begin, nor where modification of function, which 
may at first promote health, passes into disease. All 
that can be eaid is, that whatever change of structure or 
function ia hurtful belonga to pathology. Hence it is 
obvious that pathology ia a branch of biology ; it is the 
morphology, the phjaioiogy, the distribution, the astio- 
logy of abnormal life. 

However obvious this conclusion may be now, it wae 
nowise apparent in the infancy of medicine. For it is 
a peculiarity of the physical sciences, that they are in- 
dependent in proportion as they are imperfect ; and it 
ia only as they advance that the bonds which really 
unite them all become apparent. Afitronomy had no 
manifest connection with terrestrial physics before the 
publication of the " Principia ; " that of chemistry with 
physics is of still more modern revelation ; that of phys- 
ics and chemistry with physiology, has been stoutly de- 
nied within the recollection of moat of us, and perhaps 
still may be. 

Or, to take a case which affords a closer parallel with 
that of medicine. Agriculture has been cultivated from 
the earliest times, and, from a remote antiquity, men 
have attained considerable practical skill in the cultiva- 
tion of the useful plants, and have empirically es^b- 
lished many scientific truths concerning the eonditiona 
under which they flourish. But, it is within the mem- 
ory of many of us, that chemistry on tha one hand, and 
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t t» aay other bnncli of knowl- 
1 etill to some extent 
Historically, its connec- 
tiOB -vtt Aft IMagial mat ae u has been elowly estab- 
fiiied, aad &e fiD tEElmt asd intimacjr of that coniiec- 
tioD aie cMtj- aov fcte*— "^ '^ ^ appareot. I tnut I 
faaTB not becD UBtdEfli in nqiposiiig that an attempt to 
give a hoti Aetd of tlie steps by which a philoeophical 
n ee a Bs it y ias be e oaoe as liiatorical reahty, may not be 
dervad of infeoCEt, poaihly oi inetnictioii, to the mem- 
ben of this great Congreee, profoondly interested ae bU 
ue in the ECJeotific derdofKnent of medicine. 

The history of medieioe k more complete aod faller 
than that of any other eci^ioe, except, perhaps, astron- 
omy ; and, if we follow back the long record as far as 
dear evidence lights ns, we find ourselves taken to the 
exrly stages of the civilifiation of Greece. The oldest 
hospitals were the temples of .^scolEtpins ; to these 
Aseiepeia, always erected on healthy sites, hard by fresh 
Bprings and surronnded by shady groves, the sick and 
the mairoed resorted to seek tlie aid of the god of health. 
Votive tablet* or inscriptions recorded the symptoms, 
no lens than the gratitude, of those who were healed ; 
and, from these primitive clinical records, the half- 
prieitlv lialf-philoBopbio casta of the Aeclepiada < 



1 



THE BIOLOGICAL 6CIEN0ES AND MEDICINE. 337 

piled the data npon which the earliest generalieationB 
of medicine, as an inductive science, were based. 

In this 6tate, pathology, like all the inductive sciences 
at their origin, was merely natural history ; it registered 
the phenomena of disease, classified them, and ventured 
upon a prognosis, wherever the observation of constant 
co-existences and sequences suggested a rational expec- 
tation of the like recurrence under similar circumstances. 

Further than this it hardly went. In fact, in the 
then state of knowledge, and in the condition of philo- 
sophical Bjieculation at that time, neither the causes of 
the morbid state, nor the rationale of treatment, were 
likely to be sought for as we seek for them now. The 
anger of a god was a sufficient reason for the existence 
of a mahidy, and a dream ample warranty for therapeu- 
tic measures ; that a physical phenomenon must needs 
have a physical cause was not the implied or expressed 
axiom that it is to us moderns. 

The great man whose name is inseparately connected 
with the foundation of medicine, Hippocrates, certainly 
knew very little, indeed practically nothing, of anatomy 
or physiology ; and he would, probably, have been per- 
plexed, even to imagine the possibility of a connection 
between the zoological studies of his contemporary 
Democritus and medicine. Nevertheless, in so far as 
he, and those who worked before and after him, in the 
same spirit, ascertained, as matters of experience, that a 
wound, or a luxation, or a fever, presented snch and such 
flTmptoms. and that the return of the patient to health 
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vision, IB a process, and the chain of caueation inrolved 
in that process. Disease, as we have seen, is a perturba- 
tion of the normal activities of a living body, and it is, 
and must remain, unintelligible, so long aa we are ig- 
norant of the nature of these normal activities. In other 
words, thei'e could be no real science of pathology until 
the science of physiology had reached a degree of per- 
fection unattained, and indeed unattainable, until quite 
recent times. 

So f ar aa medicine is concerned, I am not sure that 
physiology, such aa it was down to the time of Harvey, 
might as well not have existed. Nay, it is perhaps no 
exaggeration to say that, within the memory of Hving 
men, justly renowned practitioners of medicine and sur- 
gery knew less physiology than is now to be learned 
from the mcst elementary text-book ; and, beyond a few 
broad facts, regarded what they did know as of ex- 
tremely little practical importance. Nor am I disposed 
to blame them for this conclusion ; physiology must be 
useless, or worse than nseloss, to pathology, so long as 
its fundamental conceptions are erroneous. 

Harvey is often said to be the founder of modem 
physiology ; and there can be no question that the elu- 
cidations of the function of the heart, of the nature of 
the pulse, and of the course of the blood, put forth in 
the ever-memorable little essay, "De motu cordis," di- 
rectly worked a revolution in men's views of the nature 
and of the concatenation of some of the most important 
physiological processes among the higher auimala ', while, 
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antagonism to animistic hypotheses and animistic phrase- 
ology. It offers physical explanations of vita! phenom- 
ena, or frankly eonfrases that it has none to offer. And, 
so far as I know, the first person who gave expression 
to tliis modem view of physiology, ivho was bold enough 
to enunciate the proposition that vital phenomena, like 
all the other phenomena of the physical world, are, in 
ultimate analysis, resolvable into matter and motion, was 
Rene Descartes. 

The fifty-fonr years of life of this most original and 
powerful thinker are widely overlapped, on both sides, 
by the eighty of Ilarvey, who survived his younger con- 
temporary by seven years, and takes pleasare in acknowl- 
edging the French philosopher's appreciation of his great 
discovery. 

In fact, Descartes accepted the doctrine of the circu- 
lation as propounded by "Harvaaua m6decin d'Angle- 
terre," and gave a full account of it in his first work, 
the famous " Discoars de la Methode," which was pub- 
lished in 1637, only nine years after the exercitation 
" De motu cordis ; " and, though differing from Harvey 
on some important points (in which it may be noted, in 
passing, Descartes was wrong and Harvey right), he 
always speaks of bim witb great respect. And so im- 
portant does the subject seem to Descartes, that he re- 
turns to it in the " Traits des Passions," and in the 
" Traits de I'Homme." 

It is easy to see tliat Harvey's work must have had 
a peculiar significanee for the subtle thinker, to whom 
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we owe both the E|nritnalistic and the materialistic phi- 
losophies c^ modem times. It was in the reij year of 
its pabtieatioD, 162S, that Descartes withdrew into that 
life of eoUtaiy inTeedgatioo and meditation of which 
his philoeo[^j was the fniit. And, as the coarse of his 
epecolationfi led him to eetabliah an abeolnte distinction 
of nature between the material and the mental worids, 
lie was logicallj compelled to seek for the explanation 
of the phenomena of the material woHd within itself; 
and having allotted the realm of thonght to the eonl, 
to see nothing bat extension and motion in the rest of 
nature. Descartes nses " thought " as the eqnivalent of 
onr modem term "conecioasnese." Thonght is the fano- 
tion of the eohI, and its only function. Our natural 
heat and all the movements of the body, says he, do not 
depend on the soul. Death does not take place from 
any faalt of the soul, bnt only becanse Bome of the prin- 
cipal parts of the body become cormpted. The body of 
a hving man differs from that of a dead man in the same 
way as a watch or other automaton (that is to say, a ma- 
chine which moves of itself) when it is wound np and 
in itself, the physical principle of the movements 

ich the mechanism is adapted to perform, diffeiB from 
same watch, or other machine, when it is broken, 
and the physical principle of its movement no longer 
exists. All the actions which are common to ns and 
the lower animals depend only on the conformation of 
organs, and the coaree which the animal spirits take 

the br^, the nerves, and the moacles ; in the BHm ft 
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way as the moTement of a watch is produced by noth- 
ing but the force of its spring and the figure of it6 
wheels and other parts. 

Descartes' " Treatise on Man " is a sketch of human 
physiology, in which a bold attempt is made to explain 
all the phenomena of life, except those of conscionsness, 
by physical reasonings. To a mind tnrned in this direc- 
tion, Harvey's exposition of the heart and vessels as a 
hydraulic mechanism must have been supremely wel- 
come. 

Descartes was not a mere philosophical theorist, but 
a hardworking dissector and experimenter, and he held 
the strongest opinion respecting the practical value of 
the new conception which he was introducing. He 
speaks of the importance of preserving health, and of 
the dependence of the mind on the body heing so close 
that, perhaps, the only way of making men wiser and 
better than they are, is to be sought in medical science. 
" It is true," says he, " that as medicine is now practised, 
it contains little that is very useful ; but without any 
desire to depreciate, I am sure that there is no one, even 
among professional men, who will not declare that all 
we know is very little as compared with that which re- 
mains to be known ; and that we might escape an infin- 
ity of diseases of the mind, no less than of the body, 
and even perhaps from the weakness of old age, if we 
, had sufficient knowledge of their causes, and of all the 
remedies with which nature has provided us." * So 
* " Discaun de 1& M^hode," &• pBrtie, £d. Couain, p. 103. 
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^^Plrongly impressed was Deacartes with this, that he k- 
^"solved to spend the rest of bis life ia trying to acquire 
Buch a knowledge of nature as would lead to the eon- 
strnction of a better medical doctrine.* The anti-Car- 
^—teaana fonnd material for cheap ridicule in these aapira- 
^f tions of tbe philosopher ; and it ia almost needless to say 
' that, in tbe thirteen years which elapsed between the 
publication of the " Discoura " and the death of Des- 
cartes, he did not contribute much to their realisation. 
Put, for the next century, all progress in physiology 
ok place along the lines which Descartes laid down. 
The greatest physiological and pathological work of 
the seventeenth century, Borelli's treatise "De Motn 
AnimaHum," is, to all intents and purposes, a develop- 
ment of Descartes* fundamental conception ; and the 
same may be said of the physiology and pathology of 
Boerbaave, whose authority dominated in the medical 
world of the first half of the eighteenth century. 

"With the origin of modern chemistry, and of elec- 
trical Bcience, in tbe latter half of the eighteenth cen- 
tury, aids in the analysis of the phenomena of life, of 
^^ which Deseartes could not have dreamed, were offered 
^■^ the physiologist. And the greater part of the gigan- 
^BUc progress which has been made in the present century 
is a justification of tbe prevision of Descartes. For it 
consists, essentially, in a more and more complete reso- 
lution of the grosser organs of the living body into 
physico-chemical mecbanisma. 

* " DlecoarB de la M^thode," B* partio, Ed. Couain, pp. 19S Mid 211. 
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" I Bhall try to explain our whole bodily machinery 
in finch a way, that it will be no more necessary for ua 
to enppose that the soal produces such Tnoveiaents as 
are not voluntary, than it is to think that there is in a 
clock a Boul which causes it to show the hours." * These 
words of Descartes might be appropriately taken as a 
motto by the author of any modern treatise on physi- 
ology. 

But though, as I think, there is no doubt that Des- 
cartes was the first to propound the fundamental concep- 
tion of the living body as a physical mechanism, which 
is the distinctive feature of modem, as contrasted with 
ancient physiology, he was misled by the natural tempta- 
tion to carry out, in all its details, a parallel between the 
machinea with which he was familiar, such as clocks and 
pieces of hydrauUc apparatus, and the living machine. 
In all such machines there is a central source of power, 
and the parts of the machine are merely passive distrib- 
utors of that power. The Cartesian school conceived of 
the living body as a machine of this kind ; and herein 
they might have learned from Galen, who, whatever ill 
nae he may have made of the doctrine of '• natural facul- 
ties," nevertheless had the great merit of perceiving that 
local forces play a great part in physiology. 

The same truth was recognised by Glisson, but it 

was first prominently brought forward in the Hallerian 

doctrine of the " ris insita" of muscles. If muscle can 

contract without nerve, there is an end of the Cartesian 

* " Dc la FonnaUan da Fcetiu." 
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a£ its eoQtracdua bj the infini 

s e£ TnniAej tended in the same di- 
Ik Oe t iMt wl ai- ffj/drOt do tnee was to be 
fioand of ikaC ei»niKBitei madunery apon vldch the' 
|wifiiiiiiiiini of tke fKBClioiK in tbe higher aniomls was 
— p pneed to depend. And yet the hrdni moved, fed 
grew, mBhipGed, and ite fngments exhibited all the 
powen of tike whole. And, finaDv, the work of Caspar 
F. Wolff,* by dBBkonetntii^ the fact that the grxiwth 
and dereb^ment of bodi ptaots and jnimnln take place 
antacedentl; to die ^stance of their grosser organs, and 
are, in fact, the canaes and not the conseqneaces of or- 
ganisatioa (as then nsdentood), sapped the foandations 
of the Carteeian phjEiolog; as a complete expreseion of 
Tital phenomena. 

For \^(Jfi, the phj&ical basis of life is a fluid, pos- 
sessed of a "tis Mcpnrialia '' and a " solidescibilitas," in 
Tutue of which it gives rise to organisation ; and, as he 
points ont, this conclusion strikes at the root of the whole 
iatro-mechanical system. 

In this country, the great anthority of John Hnnter 
exerted a gimilar influence ; though it must be admitted 
that the too sibylline utterances which are the oatoome 
of Hunter's atru^les to define his conceptions are often 
S'^scoptible of more than one interpretation. Neverthe- 
™«i on some points Hnnter is clear enough. For e 

the is of opinion that " Spirit is only a pix>p< 
*"Theoria GuDer&tiome," ITSS. 
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matter" (" Introdnetion to Natural Hietory," p. 6), he is 
prepared to renounce animism (I. c. p. 8), and his con- 
ception of life is BO completely pbysical that he thinks 
of it as something which can exist in a state of com- 
bination in the food. " The aliment we take in has in 
it, in a fixed state, the real life; and this does not be- 
come active until it has got into the lungs ; for there it 
is freed from its prison" ("Observations on Physiol- 
ogy," p. 113), He also thinks that "It is more in ac- 
cord with the general principles of the animal machine 
to suppose tbat none of its effects are produced from any 
mechanical principle whatever ; and that every effect is 
produced from an action in the part ; which action is pro- 
duced bj a stimulus upon the part which acts, or upon 
some other part with wluch this part sympathises so as 
to take up the whole action" {l.c. p. 152). 

And Hunter is as clear as Wolff, with whose work 
he was probably unacquainted, that " whatever life is, 
it most certainly does not depend upon structure or or- 
ganisation" {I. c. p. 114). 

Of course it is impossible that Hunter could have in- 
tended to deny the existence of purely mechanical opera- 
tions in the animal body. But while, with EorelH and 
Boerhaave, he looked upon absorption, nutrition, and se- 
cretion as operations effected by means of the small ves- 
sels, he differed from the mechanical physiologists, who 
regarded these operations as the result of the mechanical 
properties of the small vessels, such as the size, form, 
and disposition of their canals and apertures. Hunter, 
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on the contrary, considers Uiem to be the effect of prop- 
erties of these vessels which are not mechanical but vi- 
tal. " The vcsaels," says he, " have more of the polypus 
in them than any other part of the body," and he talks 
of the " living and sensitive principles of the arteriefi," 
and even of the " dispositions or feelings of the arteries.'' 
" When the blood is good and genuine the sensations of 
the arteries, or the dispositions for sensation, are agree- 
able. ... It is then they dispose of the blood to the 
best advantage, increasing the growth of the whole, 
supplying any losses, keeping up a due succession, etc." 
{1. 0. p. 133). 

If we follow Hunter's conceptions to their logical 
issue, the life of one of the higher animals is eeeentialiy 
the sum of the lives of all the vessels, each of which is 
a sort of pLysioIogical unit, answering to a polype ; and, 
as health is the result of the normal " action of the ves- 
sels,'* so is disease an effect of their abnormal action. 
Hunter thus stands in thought, as in time, midway be- 
tween Eorelli on the one hand, and Biehat on the other. 

The acute founder of general anatomy, in fact, out- 
does Hunter in his desire to exclude physical reason- 
ings from the realm of life. Except in the interpretar 
tion of the action of the sense organs, he will not allow 
physics to have anything to do with physiology. 

" To apply the physical sciences to physiology is to 
explain the phenomena of living bodies by the laws of 
inert bodies. Kow this is a false principle, hence aU its 
consequences are marked with the same stamp. Let us 
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leave to chemiBtry its affinity; to physics, its elasticity 
and its gravity, let ns invoke for phyBiology only sen- 
fiibility and contractility." * 

Of all the unfortunate dicta of men of eminent abil- 
ity this seems one of the most unhappy, when we think 
of what the application of the methods and the data of 
physics and chemistry has done towards bringing physi- 
ology into its present state. It is not too much to say 
that one half of a modem text-boob of physiology con- 
sifltfl of applied physics and chemistry; and that it la 
exactly in tJie exploration of tlio phenomena of sensi- 
bility and contractility that physJea and chemistry have 
exerted the most potent influence. 

Nevertheless, Bichat rendered a solid service to 
physiological progress by insisting npon the fact that 
what we call life, in one of the higher animals, is not 
an indivisible unitary archceua dominating, from its cen- 
tral seat, the parts of the organism, but a compound 
result of the synthesis of the "separate lives of those parts. 

"All animals," says he, "are assemblages of differ- 
ent organs, each of which performs its function and 
concurs, after its fashion, in the preservation of the 
whole. They are so many special machines in the 
general machine which constitutes the individual. But 
each of these special machines is itself compounded of 
many tissues of very different natures, which in troth 
constitute the elements of those organs " {I. c. Ixxix.) 
" The conception of a proper vitality is applicable only 
* "ADAtotnle gin£ra1e," i. p. Ut. 
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mal biology, was swiftly followed by a " eellnlar pathol- 
ogy," as its logical counterpart, I need not remind 
you how great an inBtroment of investigation this doc- 
trine has proved in the hands of the man of genius 
to whom its development is due, and who would prob- 
ably be the last to forget that abnormal conditions of 
the co-ordinative and distributive machinery of the body 
are no less important factors of disease. 

Henceforward, as it appears to me, the connection 
of medicine with the biological sciences is clearly de- 
fined. Pure pathology is that branch of biology which 
defines the particular perturbation of cell-life, or of the 
co-ordinating machinery, or of both, on which the 
phenomena of disease depend. 

Those who are conversant with the present state of 
biology will hardly hesitate to admit that the concep- 
tion of the life of one of the higher animals as the sum- 
mation of the lives of a cell aggregate, brought into 
harmonious acrion by a co-ordinative machinery formed 
by some of these cells, constitutes a permanent acqui- 
sition of physiological science. But the last form of 
the battle between the animistic and the physical views 
of life is seen in the contention whether the physical 
analysis of vital phenomena can be carried beyond this 
point or not. 

There are some to whom living protoplasm is a sab- 
stance, even such as Harvey conceived the blood to be, 
" BummS, cum providently et inteUectn in finem certnm 
agens, quasi ratiocinio quodam ; " and who look with 
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as little favour a& Bichat did, upon any attempt to 
apply the principles and the methods of physics and 
chemistry to the investigation of the vital processes of 
growth, metaholism, and contractility. They stand 
upon the ancient ways ; only, in accordance with that 
progress towards democracy, which a great political 
writer has declared to be the fatal characteristic of 
modem times, they substitute a republic formed by a 
few billion of " aniraul© " for the monarchy of the 
all-pervading "anima." 

Others, on the contrary, supported by a robust faith 
in the universal applicability of the principles laid down 
by Descartes, and seeing that the actions called "vital" 
are, so far as we have any means of knowing, noth- 
ing but changes of place of particles of matter, look 
to molecular physics to achieve the analysis of the liv- 
ing protoplasm itself into a molecular mechanism. If 
there is any truth in the received doctrines of physics, 
that contrast between living and inert matter, on which 
Bichat lays so much stress, does not exist. In nature, 
nothing is at rest, nothing is amorphous; the simplest 
particle of that which men in their blindness are pleased 
to call " brute matter " is a vast aggregate of molecular 
mechanisms performing complicated movements of im- 
mense rapidity, and sensitively adjuBting themselves to 
every change in the surrounding world. Living matter 
differs from other matter in degree and not in kind ; 
the microcosm repeats the macrocosm ; and one chain 
of causation connects the nebulous original of suns 
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and planetary' eyGtetns with the protoplafimic foundation 

of life and organisation. 

From this point of view, pathology is the analogue 
of the theory of pertnrbations in astronomy ; and 
therapentics resolves itself into the diBCOveiy of the 
means by vrhich a system of forces competent to elimi- 
nate any given perturbation may be introduced into the 
economy. And, as pathology bases itself upon normal 
physiology, so therapeutics rests upon pharmacology; 
which is, strictly speaking, a part of the great biological 
topic of the influence of conditions on the living organism, 
and has no scientific foundation apart from physiology. 

It appears to me that there is no more hopeful indica- 
tion of the progress of medicine towards the ideal of 
Descartes than is to be derived from a comparison of the 
state of pharmacology, at the present day, vrith that 
which existed forty years ago. If we consider the 
knowledge positively acquired, in this short time, of the 
modus opera/ndi of urari, of atropia, of physostigmin, of 
veratria, of casca, of strychnia, of bromide of potassium, 
of phosphorns, there can snrely be no ground for doubt- 
ing that, sooner or later, the pharmacologist will supply 
the physician with the means of affecting, in any desired 
sense, the functions of any physiological element of the 
body. It will, in short, become possible to introdnce 
into the economy a molecular mechanism which, like a 
■ very cunningly-contrived torpedo, shall find its way to 
some particular group of living elements, and cause an 
explosion among them, leaving the rest untouched. 
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^^P The se^cli for tlie explaaatioD of diseaEed states in 
modified cell-life ; the discovery of the important part 
played by parasitie organisms in the ffitiology of disease ; 
the elucidation of the action of medicaments by the 
methods and the data of experimental physiology ; ap- 
pear to me to be the greatest steps which have ever been 
made towards the establishment of medicine on a ecien- 
tifie basis. I need hardly say they conld not have been 
made except for the advance of normal biology. 

There can be no (juestion, then, as to the nature or 
the value of the connection between medicine and the 
biological sciences. There can be no doubt that the 
future of pathology and of therapeutics, and, therefore, 
that of practical medicine, depends upon the extent to 
which those who occupy themselves with these subjects 
are trained in the methods and impregnated with the 
fundamental truths of biology. 

And, in conclusion, I venture to suggest that the col- 
lective sagacity of this Congress could occnpy itself with 
no more important question than with this : How is 
medical education to be arranged, so that, without en- 
tangling the Btudent in those details of the systematist 
which are valueless to him, he may be enabled to obtain 
a firm grasp of the great truths respecting animal and 
vegetable life, without which, notwithstanding all the 
progress of scientific medicine, he will still find liim- 

^_^elf an empiric? 
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